■^ 
sJb-jil i_ilJuJ 

(Integers) a^^^i jUp-Vi - 1 

(Unsigned Integers) Sjlil jj-b i^^^ll aU^ty 1-1 
(Signed Integers) ojUVl oli 4^_^Jl aU^ty 2- 1 

(Real Numbers) «Jual~\ aUpfy - 2 

(Characters) jyj>\ - 3 

(Data Codes) oUUl Jj* ol>£ - 4 

,\a\s- 4a^jj (Digital Systems) \^ij>\ ^Ji^i J?=-b jl ti_j_^U-l jLpr J»Ma oUUl s- IjJl ,_ib£ J^ic U *£> 

iJ<s*- y\ Jjb£ bo .9 y \>J ^jUI.1 obl-l^^^b t.9 y LS ^bi <V' i*^' (S-^J 'b^i* p jj Li LjiC ii^Ja 

.olibJl A^-J ^_-Jj~"U-I ij 4^_l^tl~il i^bill olyi-iJl 9 \y\ <j2Ju 

'•iXf- Ijili Oj>-j jt /_s*~i i-X>- y\ &X& <u»lj.i -Ixj t ->jl_l)l <Sy,y- 
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(Integers) k-v-^ 1 ii-u-^i - 1 
4-ikdi i^iii J-ii ,*£> cu^ . 1 s — lij s — il ,y> *s-j^A i JT ^ J (^1 t(Binary) WtsJl ojj^Ji J aJbr 

*>li« ■> >: "' ■^fr* r L$J~~^- 1 **«JaJ,l <u~iJl ( J~ J ' (*-?! J i^y fUail! <LJ ipOO"^! jJljjJI .U'-lj cy* ■^■^ <Sy~-£- 

.0 Ukil 2u-iii Jit Volt M^h 1 vUi ***^i J^-+5 Volt Jl^JtI 

1 Byte = 8 bits <dji> j (Short Integer) jy^i ^-x^ zJs- (l) 
2 Byte = 16 bits <dji> j ( Integer) £~>*w? j-u (2) 

4 Byte = 32 bits <dji> j (Long Integer) JjjJ» ^^ Jj * w) 

.Jaii v^ji' jUpVi jjj^ ^ L^j (Unsigned Integers) SjLAJ jj-b t^sJI jIj*Vi (l) 
aJlJIj i^il jlap^l jjj^ *x> 1$Jj ( Signed Integers) »jL;Ij ^^Jl aU^ty (2) 

Unsigned Numbers SjUl OjOj 5^^-wJi ilapSfl 1- 1 
.(Binary) Wbsil Sjj-^Jl Jl (Decimal) 4j^io<Ji ijj^Jl ^ VjT -Ujj^ s-^ '"^ 135 ^^vali j-a*!i J~~J 

d 00001 11 .Jbiil jJjJI yl^j 135 c^^ioJl ^>^l jJuJli .(a^IjJu c~J c^iJl "«_-'_ r -U-l fjlp tsaU" 

(135) 10 = (100001 11) 2 



,^iji-jS\ ijj*a}\ Jt 100001 1 1 jJUsJl jJjJi Jjjsi <^f tS-~-5Ull s-UxJlj »>jaj jl ^SCj:. jJJi ^ ji^iLi j 



600 (4) 


300 (3) 


200(2) 55(l) 


:2 ^j- " 


11111111 (4) 


11100111 (3) 


',iijXai\ Ojj^sJl J,l 4JUI 2LJbill jIJlP^I J_p- 

10000000(2) 10111011(1) 
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j i\jUa&-\ LSB j\ (.(Least Significant Bit) bJoJl 4JbLb ?L*Jl j-uil J uy»*il l?*^ ^ *«ii^!i * jL ^' ls^" " 
Jit) LLJl 4jl^b jLJl j^aiT J ijJIjJl 2uULl ^ (ji>- J -^Jj J 5 ^ 1 ^^ ^ dJJi 

.Ujj Jj*}\ v\£.\ USf dJLii j JjU^I MSB jf 



<.(Most Significant Bit 

,yw <u~JL)b /v^SjJl ijyJlij* tijy>-j II je^asl ij /«-2j /yl <UUM /»» s-l-^l oLib*-l 



p-i*J^ 



jUUJ-I 





7 


6 


5 


4 


3 


2 


1 


o <■ 






1 














1 


1 


1 




4 


k 












A 






















obbL 



MSB 



LSB 



J^J-lX~4 L^aS t- 



-j^Jb obUM j^ijj » Ju • J_Ujl •jjjjtj 4j-bil 4^-L-J.I Jj jji^j iJUiil ijw2j\ Jj jJixJl Ji**- -Aju 

.(O's) jUvol jLJl Jl 4^'li obb^ </ ft J. £. t (LSB) UJJl 4jl^b 
: JbJbf ^ jij^Jl Db> 1 Byte = 8 bits i^bdl ife-Uil cJbC lil *At. 



1 














1 


1 


1 
















i 


k 



LSB 

: JUIT ^ ^.j^Ji jU 2 Bytes = 16 bits i^bdl i^bJj oJlT lil b.1 











<UiJb> obb>-- 



LSB 



jblysb, jL-Jl Jl aJuljJl oUbi-l S^C i J^Jl Jl 4j1ib* p. 4^bdl 4^L~il ^ JlT jJldl J-Ull JjJa jbC lil <Gl <^f 

.(Right Justify- Zero Fill) jUL^t *Jii g* juJl Jl slibib U^Ji a Ju>, ^ .(O's) 
: JbJlf (Short Integer) y^ ^-^-^ iJ * »j >v J U^J^ o^- ^ p^ 1 c£-^ v*!™^ o^- 

Ub' obb^ 8 c^l 1 Byte = 8 bits <j»> 4^bdi i^bJJ 
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O's — J oUUU «^~ sjj:. i^J JkJ\ jJIp J-m2^ 



00000000 



1 's — i oUUJ-l «^ t JjT. i^J j^Tf Js- J^- j 



1 1 1 1 1 1 1 1 = 255 



~ (2 -1) jt 0~ 255 y> (Short) >^ ^^-^ ^-^ «jj-^ J LfM^ O^-ls^' p-^' ^-^ ^ ^ J 

~ (2 -1) y> (Integer) ^^-^ j-u- ij^ j L^Lif ^S^:. ^Jl ^1 ^x. jl oLJl j&i Jii.1 j 

~ (2 N -1) y> cs-xi! jli N y> Jb-&l oUUJ-l j-U jlT lil U_^j 

P ^ J^" <3 ^j^ £&». t^JkJl .-ill ti-^J L^ J^ Jji'J 4j»« ;: ^^2J| jIJlP^I f IjJI 7^>jJ J,b!l JjjJrl 



*Jill ,^-U 


<djJs> 


n«?w2j! iJ*!l ?■ jj 


0~(2 8 -l) 
0-255 


1 Byte = 8 bits 


Short Integer 


0~(2 16 -1) 
~ 65,535 


2 Bytes = 16 bits 


Integer 


0~(2 32 -l) 
~ 4,294,967,295 


4 Bytes = 32 bits 


Long Integer 


0~(2 N -1) 


N 







(Unsigned Integers) »jL^i jjx a^^^Jl jIjipVIj j^» U j \^*j» LJUU; ^Jl ^^^^Jl jl-u-^l LS *-~^> 



■ 3 *-r*iJ*^ 



Uks- Jljkf j»lJi>ci^l jc liLJi j-uJl JjJa jbjl US' ibjj i^^^sJl aUpfyl (J L^xjjsS jjSo:. ^1 ^1 <^x< jl U.LU 

?(ttU 32 j 16 j 8 Ji>Sli c-u*s-l cu^) jI-uSU 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



(Signed Integers) 5jU)!i oli h^s^si\ ii-u-Sfi 2- 1 

*-J ^jjii *% ^Jlj (Unsigned Integers) SjU) jj-b i^^Jl aUpty J-ic aija JjLJi *_jJ?I j UjL; 

LLJl 3jUU ^ sjUU «Jls> jjSj U ojLpj t(Sign) j-uJI 'j^i J"*-^ bit *jL^ y^>- *x> 4JLJ1 jl-u-^l J—^J 

0UUL1 4^ J (Magnitude) jJuJi jiai. ^j£ ^_ _, t MSB 



^_ 



jUVi 



_^ 



jlaiil 



SjLANI \*~*^> 1 4^-iJl ^Jlst 



^ j iS^-jil »jLi^l J~J MSB LUJl 2JULI J ; U-a]I ^J^xX^J U SjU j 
: jlT liU MSB LUJl 2UUS-I Jl J±j jJuJl SjLil iiy^Ji .iJLJl 

^ r jjjJli MSB = 
^JU jjuJU MSB = 1 



SjLil UUo bJii 1 Byte = 8 bits Aly k-L^ <j d^Lib 7*^*-^ ^jlp *jj-^ (J +27 2ujsJi Lji lojl IS} ^u 

27 = (11011) 2 

^ .jl-Uil JjuJ oUl^ 7 (^i^i cSjLi^l Jj^J MSB U*!l 2uUJ-I L^ JuuuJ <oUU 8 aLj k-ULl i^Uil 

ijLil jj-lj i^^tvaJl jlJLc^VI /rij^ *ijjJs ^~jUj <d 4j~ldl 4j~l~il ,j ejLi"^l ji »tj>t^aJl jJbdl j\XL* /jij£- 

."^ry l»-Sil jS 1 ojLi^l yU=- J £-^ Lfc^ j .(Unsigned Integers) 







^ 



.LlVl 







,1-Ull 



= +27 



^ 
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,3jL- 4^JLll j^ ojLi^l 4jU- (J 1 A-^J A* (j^ J ^JjW' cT 1 ^ f-^ "27 "UuSJl Lii j 



1 10 1 1 = -27 



^ 



^ 



iU&yi 



,lJL5il 



4 (Sign-Magnitude) 5jU>)!i- jUtili lijaj SjU^I oli ^^^Ji ji-uSfl J^ j ^jJUSli IJL» iS °~~j 

,UjI-U« • 4^_Jjl SjLiJ ^ju U 4JU0 ijwij Laxll (<■ 
j^I^Ji Li ji^j iUJLil jl (J Ji^ij SjjJas 1 iiSLi^ 4j ajLi^l oli ktowtll ilJiP^I Lii J3 v_)jJL»VI IJla 



ill 
























+0 



ry yu^ 



I 



-0 ^ju 



y^ 



\Jt (.{joy Ujly>rl 1 £ SjLjJI s-La jl /^xj ji*all J^Lx-i -^J^J J i"U«JjJl A^Ja!^! .Wi Ujlyrl »i /%Jl oUUxJl 

,^3J>\ A]h:\\ 05. US' ^» Ijp Jii 

.SjLi^l oli 4>*->^i jUlpSII J^uJ (2's Complement) ^Ull l ]Sl\ vjl-i fJt*i~j iiSLili sli }!>■ 
SjLil Jj^Uo bJli 1 Byte = 8 bits Mj k-L^ j fijLib 7t->^^ sJip Sjj-^ j +27 3**Jili J-^E LojI lij !^i« 

27 = (11011), 



Jl (0's) jU-^l iiUib dUi j oUU 8 Jl ^JLiil JJuJl J> JU^y f_ji diiD ;oUU 8 ^L" i^Ull ^Ui 1 

(1 101 1) 2 = (0001 1011) 2 



ijjjl jUo 



<d 4j~Ull 4j~U-il Js, ^Uiil jJbJl «v!jj j»jij lj^>-l j 



110 11 



+27 
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Lj^Jj *j2j j biL» 4^_Jill 'j^--"i J*^-^ ^—~^~ '+27 4^-iJl \££ olda^- ^~i^ l-VJ LiU -27 4^-iJl A^-J W 
jLL^I 3iL>L lilii j cjUU:- 8 Jj ,^1-^1 jJi*JI J_j1=> JLo-S'Lj ?jiJ f iS-Jbill ajj^all Jl Ajj-ioJl ajj^tll /^ jlJiail 

.ajJl jL, J} (O's) 
27 = (11011) 2 =(0001 101 1) 2 

cgfoJl ^biil j-uD (2's Complement) ^Itil J-iCil jI£} Jl r^ L^LJ *JL- l^Lis ^jlkLl 2u-ill jl U j 

,iJL*ii iJLJl 2u_jiJl lis. La ^Jb' jJuJ 3 till J*S\il il)f £~s~ 

diJi j (l's Complement) JjSll J-£Li il^l <y» JjSJl ;>i-i .^v>^ J ^ </* ^ J,^ J-&I ^i 

J^Lil 1 4iU=l <y> olill ijk^l .0 Jl 1 (^f Jjj^ j 1 Jl c£l Jjj^ <^f i(JUiJl iJmJl oUL^ *^ ^j-^ju 

. jiiii j^ii ju> j^j JjSii 



00011011 


JJbJI 


11100100 

1 + 


JjSii j^ii 


11100101 


Jlill J*£il 



,<J 43-hil 5^-L~il 3 »lJl (JLuil j-uJl ("w'^j (*jiJ lj^*-l 



1 110 10 1 



-27 



i^ilJ MSB=1 j +27 l^jti 4^ii! MSB=0 -J o-ull SjUl Jii cJlj L. La MSB LUJl fcUU • 

.-27 4JU1 
.j-uil dili ^JU Jis jbi j-ui (2's Complement) jliil J~£il • 
jJJi J U. oUUU ^^ jl £-»- '(Sign) 4j"jLil j (Magnitude) J-uil JM* Cv. ^ J-^* ^ j* V • 

.jJjJl jlJi« uLo- ,j J>--Ij SjLiVl SjU 1 - 



:4 c-ijoj 



(Signed Short Integer) «jLiy jy/=i ^.^^ j^p aj_^ J aJUl j^JJl ^ JS' J^ iija ^=j 
-127 j +127 (4) -lj+1 (3) -65 j +65 (2) -15 j +15 (l) 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



.fijLiu ) jyA$ 



bJLP JiJ jl^ lil 1 1 100101 (Jbiil JJi*U ij.y^Jl 2u-iil 3^1 ^ c^^l 



jl ^ju bf MSB=1 UxJl 2uli-l jl o4 3JU-I sJl* j .MSB LUJl &UUJ JiJL dlli j jJuJi ijLil JuJ^o Llj 

11100101 JJu j| 



00011010 

1 + 

00011011 



JbJIJ^il 



(00011011) 2 =(11011) 2 = 27 



■ 27 y j-uii oil 



(Jliil UU-cU »|jisxi»*j ^oC ijLib tc~*^> j-Ip i«Js jL£V Uj^pj 



(v^ r 3 juJi) MSB=0 




(Jjlill J~£il J^y 



^jA* J! lj 5 ^' o" J_>^ 
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(Signed Short Integer) SjLAk jy^i £~>*w? j-u ( I ) 
(Signed Integer) ij^[>. ^f^= mp (^) 

13 = (1101) 2 ubtii Sj^Ji Ji jiJuil Jjj^o VjT fj£ 

l) Jlill J^Lll jl^lj ^ (C OUL^ 8 Ji iJbJl J> J^J 



00001101 


iJuJl 


11110010 

1 + 


JjSli J*<il 


11110011 
-13 = (11 11001 1) 2 


at tst 



ifijLib ^>t^3 i*XP ^^j 
4j jlill J*&l jl^lj »jij jC 2b L* 16 Jl JJbJl JjJs J^J 

0000000000001101 Jjlx j| 



liiiiiiiiinooio JjSiij^i 

1 + 



1111111111110011 0lsilj*&l 

13 = (1111111111110011) 2 Dfcsf 
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iJL*Jl J_jJ» ojIjjj (v) J LuS if oUU 1 8 J -13 ojLi^l ji pu?x*a}\ jJi*!l J~«^ ( ' ) c5 l*** J*^' J^' (3 

si* 16 Ji 



11110 11 



111 


111 


SI 


111! 


1111111 


111 


■ 


i 


i 


i 


i 








i 


i 



l's —> jLJl Jl ^'Ull cAjUM jJj:. Lui Ji Lit Ji^N 



^l* 16 J f? oUl^ 8 <J +13 v^jii *^i J~^ lJ J J i^i ^jLiLlj j 





















1 


1 





1 






















M 


■ 




■ 




■ 


■ 


■ 














1 


1 





1 




mi 


m 


■ 


m 


■ 


■ 


mi 


■i 














1 


1 





1 



0's —> jUJl Ji 2ui'Uil oUUM jjj:. Lui jj b*f La Ja^N 
.(Sign Extension) 5jW)fl .x>.tf— j U^*Ji el* ^j^-j j . j-uIi ejlil 



jli ^j«J JIJmi 



(Unsigned Integers) ejLil OjJu i^^^l jUl^i ,y JT J iaJ^ SjIjj ^l oJjJi jjji aJ^p jy jjis 

(Signed Integers) ejLi^i oli i^^^iil jlo*Vlj 



10 
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IJltOlf lildliij 11110101 (JUiil j-uU 4j.yu.Jl 2u-i!l Jl^tjI 
. (Unsigned Short Integer) iJJ>\ j j-b jy^i ^^^ j-u- ( I ) 
.(Signed Short Integer) ajL&k j^ ^^-^ ^-^ (v>) 

Sj^aJl y \ij*A\ *i\ l~U L« j o-ull jlJii« Ji£ oUUM J_f jU JUL j (Unsigned) SjL&l jj-^ J-uil ( f ) 

(11110101) 2 =2 7 + 2 6 + 2 5 +2 4 +2 2 +2 =128 + 64 + 32 + 16 + 4 + l = 245 

-S JU jJuJi jl ^v i£ MSB=1 .aj-jLjI juJb»J MSB LUJl ^bJJ ^ <u!p j (Signed) ijLiL J-ull (»_>) 



11110101 


iJbJ 


00001010 

1 + 


jjS/i j^sa 


00001011 


0idij*& 



(00001011) 2 =(1011) 2 =2 J +2'+2 u =11 ^.yuJi Sj^D ji-uli Jyi ^ 

-11 ^ i^jiJl jf (^f 



■ 5 t-«0«tf 



(Signed Short) ajLA^ jj^i j-Ip Jis. L^» LT jl_f lil aJLJI ybiil jI-u^I ^ J^ kj-ijJl <u-i!l jijrjl 
11111111(4) 01111111(3) 10000000(2) 10111111 (l) 



11 
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jUUi 4 UjJi s^L~« j L^Lii jSC^.^1 (Signed Integers) ijLi^l oB i^^^Jl jIjlpVI «^- jjl>- ;Jli» 



(MSB=0) 


(Decimal) 


(MSB=1) 


(Decimal) 


0000 


+0 


1000 


-8 


0001 


+ 1 


1001 


-7 


0010 


+2 


1010 


-6 


0011 


+3 


1011 


-5 


0100 


+4 


1100 


-4 


0101 


+5 


1101 


-3 


0110 


+6 


1110 


-2 


0111 


+7 


mi 


-1 



y> oUL^ 4 <dji> (Signed Integer) SjLiL ^^^ j-u »jj^ j l$Li£ jSOi^Jl ^1 <^x« jLs <ule- j 

-8~+7 



-2 3 ~+2 3 -l 

2 4 " 1 ~+2 4 - 1 -l 



N Ai-j 4^L*^ J L^Lif £pJL^\ (Signed Integers) aj^^i oli ^^^Jl ^IjlpVi l£^ ^ ^^ *jy^. 3 



- 2^ ~ +2 N4 - 1 



j (Signed) ajLib lo^ Ji «jLi^i 



j Short :^_lj3f C!sC Ji < JjJaJl 



.^ ^ j*^; (Integers) ^^^Ji jUpVi oLa j~- li u ^ t L5' j 

(Unsigned) SjU} jj-b 

Long j Integer 
Integers 



r 


^ 


Signed 


Unsigned 


Short 


Short 


Integer 


Integer 


Long 


Long 
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j Signed Integer /g*j Integer ">itJ <.b^-> »+£: Li) j ~*£jS\ oUJ j 4^1^ Signed UiT jToj V SjIp 
.4^1^ jTi; jl l^j Unsigned *»iS' Uf .Signed Short Integer ^ Short Integer 

f- _jj IT IfLi; i^JUl .Jill <^Jl» j A^^^lll jl-U-^l S- Ijjl f- \y\ tt^ji JlJl JjjJrl 



*_ih c£.U 


<d> 


n-swiSl iA*!l 9 ji 


Signed 


Unsigned 


-2'~+(2 / -l) 
-128 ~ +127 


0~(2*-l) 
0-255 


1 Byte = 8 bits 


Short Integer 


-2 IS ~+ ( 2 IS -1) 
-32,768 ~ +32,767 


0~(2 Ib -l) 
~ 65,535 


2 Bytes =16 bits 


Integer 


-2 J1 ~ + (2 3I -1) 
-2,147,483,648 ~ +2,147,483,647 


0~(2 J2 -1) 
~ 4,294,967,295 


4 Bytes = 32 bits 


Long Integer 


-2 N - 1 ~+(2 N - 1 -1) 


0~(2 N -1) 


N bits 







^J&i 4^Ldl 0>ljL^-l J-U- jl liUa ciL.Uxll iijJb (^1 tlk>^ (^1 jjj IfLii jvi As^>^ai\ .il-lP^/l jl U 7twai J~» L/ 

Mathematical Over Flow Lf «—i L. o-i^ dili -ue- to-ldi 4^l~JJ iJ^I ^jiii ^jl^ 









:6 


S-iJ*^ 


i>jjv> ij 200 4jj-io«Jl 4^_JLll 


jij^. ?yj 


jl lOj 


lij i^-i^ U 7=-/=5 


(Unsigned Short Integer) »jLi 


»-b l>*/2-* 


?Ca>W3 


a op(T) 




(Signed Short Integer) 


fijLiu jy*2£ 


( ? ^ >t ~ v5 ' 


i-u (^) 





13 
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(Real Numbers) SJJJ-i aupty - 2 
j 0.1 jt -13.375 Jt« t(Fraction) j-S' J^ L^wt jj£, oS i^JJl jj*il y> (Real Number) ^i^i iJuil 
aL^UJl U^j J^si; (.(Fraction) _ r ~S' j (Integer) ^^> zss- '.cvj^ Cj" ls^"' iJl *^ jj^o 5.3333 
ijLil JL*l-\ j-ulij .(Decimal Point) Sjj-JjJI il^UJi ^yu^li ^jyi j l$J* jDa /Jl j (.(Point) 

,^ijiJ-l iJjJl tljjrl ^v»jj JbJl J^LiJl .(Sign) 

(Point) 

wp— >- 13:375 

(Sign) 

(Integer) (Fraction) 



5JUi!l ijj^aii 5jj»iy*!l 3jj*a!l j^ Jjj^wJi 

4jj^o<Jl 4j_wl)l /j^ Vjl ^J^ 1 fl-% 0\ I :£ tUj^P 4-^ijJl 4^>JijVl Jl tv_J_w<U-| (J JLJbU iJudl Li»i! 

tJLJ d~j>- ,»j> (^Ip 1 _ s a-iJ-l j-uJi .Jjar y JT Jjj^ ^jj La> j .(Binary) iJ[£\ »j_wi)l Jl (Decimal) 
2 J^ SjjSjd.1 <Uw-JLllj (_£i ti^^xwill ilJiP^JI ik?^ ^j^ 3 j^ (i-Ui j i"USUal sj will Jj te^>wuI s-jA-I Jjj^j 
J-^- i-Jbill ajj^aJl Jl -13.375 (-S-aJ-I jJUJI y ^^will jjJrl Jj_po Lui lils .3^— ill ,JI_w Jilii^-NI j 

13 = (1101) 2 

.OjLi^l *j> J«LjcJI iijjJa ^c-^iji Li>-V ?yi^> j chij^ ( JLJiJ-l jJbiil ijLiJ UIaL^ Ji Li I La Ja?-'^ 
JiLil>- , yi j 2 j Jj^U.1 u^aJl tiJJi *Xi j c<USLyl »j will Jj 4jjJlo«Jl a jwill /-« j~~SJl Lj>0 j»jij lillj -l*j 

juts' dili «^j wbiil 4j_will Jl -13.375 (AaJ-I jjliJi J j^-SOl Jjjsi loj lil» .Hsw-dl ^> ^>^\ tjJr^ 

0.375 x 2 = 0.75 -» 

sijt (J jj& j 4j>t^jl ^* smj^will s-jJrL; Jili^Nlj j»jij ( 0.75 J* LLa>- 2 ij 0.375 j^-S-Jl '-r'j-^ 1 ! ^-«-* L"JliP 

2 (J (Axil j~S^\ ^j-Aj ?yu f t0 "UU-I 



14 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



0.75 x 2 = 1.5 -> 1 



j«~SJl i_jj*aj f 1 4s* i ^}\ -y> t^s^..^\ jjJrb "hi",-?- t 1.5 ,J^- U ,/?•>- 2 (j 0.75 ,yi~^ j~-Xll ^.j^ \j>XS- 

. 1 !b Uili^i J* 0.5 y b* <J~il j~i3i Jl Ja^M .2 j ,J~il 



0.5 x 2 = 1.0 -* 1 



Ji .JLiU j~-^JI jt Ju4 j t 1 Aj^jiJl ^ ^^waJl s-jA-l; -lii^ <. 1.0 (jif- liL^j- 2 j 0.5 (g^l j~~>S\ ^j*}2-> 
^ -bji .t^^XJl -Is 4_jLi)l ijj^2j\ j_^J j^O-Jl Am^- *^-^ jjSo tiJU-Aj j 2 J tJj^aJl /(P o^ji^ 0.0 tv^ 



0.375 


X 


2 


= 0.75 - 


+ 


0.75 


X 


2 


= 1.5 - 


* 1 


0.5 


X 


2 


= 1.0 - 


* 1 


0.0 











al^UJl jLj a^ j t (Point) aL^Uil ^js„ 

0.011 

JUlS" dili t-J^J j iVUiil Sjj^aJl j 0.011 lSjL-u 0.375 l5jAxJI ^^Jl jLs <uLe j 

0.375 = (0.01 1) 2 

U^U jUsj i^js- J (.(Binary Point) UUiJl sI^Liil L^U jlk; ( Jbsil ^~£Ji J (Point) al^Ull jl i*>-M 
-kis (Point) ii^UJl 4^^j ^-btu^u* jy^l %4~^> j .{£_?$*>& ^—S^i j (Decimal Point) kj^Jl il^UJi 

? jiLi jl /p^i. 4-jUill Oj vsfiD 4jjJUj«JI Sj waJl /»« j*~&j\ Li *£ J^P ^-fc^ L^U^>- /yl "bs-iJl 4>*^> /^ ,JJb>tdj « 

iijja; liiii »i J ,4jjjlju\ ijj^3j\ {],[ <Sj>-\ iy AjjlpJ j "LjLill ijj^2j\ £y> j*~Sj\ A**- ^£1 t<U~So<Jl "LLuOIj 
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,Ijixa j . . . l$Jj ~d\ 4jL>JJ -2 j? 5JL^=LiJ! ,ys, a>\^- JjV -1 <l«-JL!lj juJi^ 4JL* p_Jl oliULl ^j^j Lia oliUU 



-►o 



-1 


-2 


-3 


-4 


-5 


-6 


-7 < 1 


i 


1 


1 










L 












j~£S\ o 



r^x-^\ jjJrl iU^Liil 



^^ 



j 2 ,c* 0P^~' Oy^* <I)tj_jT j .-3 *-jjJi oli 3jL=J— t j -2 v'jJ' ^li ^^ <_?* La 1 ^uLll ,J* *j jU-l oUUM 

■uU^j .JUdi J^ 2~ 3 



,1111 

2 2 2 3 4 8 



(0.01 1) 2 =2- 2 +2- 3 =— + — = - + - = 0.25 + 0. 125 = 0.375 



^J 4jjJiodl dj will -yi tfi-b- i^- 15 Cj— oOl • 7^s>^au\ tjJrl (. { JlS>-\ iJuJl iJ j>r Aiy>&> L*Js jl Jju j l) jfl 

13 = (1101) 2 
0.375 = (0.01 1) 2 
13.375 = (1 101.01 1) 2 

/ \ ^ 



3 


2 


1 





-1 


-2 


-3 


1 


1 





1 « 


» 


1 


1 








L 


L 







iUUJl 



£* r 



aA(- j ,<UUM Ajj c£jL»j ,fi f" _J*J-* 2 ^*L*Vl •£■ ijLS- 
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(1101.011) 2 =2 j +2 2 +2 u +2" z + 2^ =8 + 4 + 1 + 0.25 + 0.125 = 13.375 



iSUM iJj 




isuM Sjj 











2° 


1 


I^^^Bl 


1HIIIIIII1 




1 


2 1 


2 


-1 


2- 1 


0.5 


2 


2 2 


4 


-2 


2- 2 


0.25 


3 


2 3 


8 


-3 


2- 3 


0.125 


4 


2 4 


16 


-4 


2- 4 


0.0625 


5 


2 5 


32 


-5 


2- 5 


0.03125 


6 


2 6 


64 


-6 


2- 6 


0.015625 


7 


2 7 


128 


-7 


2- 7 


0.0078125 


8 


2 8 


256 


-8 


2- 8 


0.00390625 



.iJLill ijj^si\ J,l 9.625 t5j-ijJl jJl«JI J_^ 



9 = (1001), 






0.625 


X 


2 = 1.25 -> 


1 


0.25 


X 


2 = 0.5 _» 





0.5 


X 


2 = 1.0 — > 


1 


0.0 




0.625 = (0.101) 2 
9.625 = (1001. 101) 2 
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1> 



3 2 10-1-2-3 

100 1*1 1 



(1001.101) 2 = 2 j +2 u +2 _1 +2 _J =8 + 1 + 0.5 + 0.125 = 9.625 Upj 

,<LSL*J| Sjj^ilJ Sjj^ioJl Sjj^iil /-« 0.34375 ,JL«J-I jJjJl Jj3- 



0.34375 


X 


2 


= 


0.6875 - 


-> 




0.6875 


X 


2 


= 


1.375 - 


-> 1 




0.375 


X 


2 


= 


0.75 


+ 


1 


0.75 


X 


2 


= 


1.5 


-► 1 




0.5 


X 


2 


= 


1.0 


-> 1 




0.0 















0.34375 = (0.0101 1) 2 o\ J\ 



18 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



<L;Li!l ijj^3j\ ,_^J 4JL i>o *jij JaJLs j-™5^ /t^ *jW^ ^* ^-^xJl 



0.1 


X 


2 


= 


0.2 


-► 


0.2 


X 


2 


= 


0.4 


-> 


0.4 


X 


2 


= 


0.8 


-> 


0.8 


X 


2 


= 


1.6 


-> 1 


0.6 


X 


2 


= 


1.2 


-> 1 


0.2 


X 


2 


= 


0.4 


-> 


0.4 


X 


2 


= 


0.8 


-► 


0.8 


X 


2 


= 


1.6 


-> 1 


0.6 


X 


2 


= 


1.2 


-> 1 


0.2 


X 


2 


= 


0.4 


-► 


0.4 


X 


2 


= 


0.8 


-> o 


0.8 


X 


2 


= 


1.6 


-> 1 


0.6 


X 


2 


= 


1.2 


-> 1 


0.2 


X 


2 


= 


0.4 


-> 


0.4 


X 


2 


= 


0.8 


-► 


r 








F 


F 



c_™Jl .Jlii.1 IJla (j O-l^ V U «Jfc • djjL/s \j «L~« ,c*~' j^-5Jl px^saj U-liP 2 J5 <—Jj^l>\ :S- ij&iyj Lji j$J3 

- = 0.333333333333333L 
3 

- = 0.1 66666666666666 L 
6 

- = 0.08333333333333K 
12 

-j= = 0.707106781 1865L 

V2 
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l Xt- \*a£- Ujlip 2 (J <—>j«^\ Cj& t~j&yi ls ^j> fif- <tobiJl ijj*s}\ Js, j^ol LjJ JjSvj /J I oVU-l «-Xa Ji« J3 
i^LJ.1 «Jla j tj „53l jij^ l>-\£\ 4^L~il ajJusi L. UU- La oUUU ^ Jl53l j-ull j ,oUUU y J IT j-Lp 

jl (^1 ..-JLill j^Ol jj* aj\s^ 15 ,J^- J_j*aJ-l Jbu LiSjj "}li« aJJu^i; ^ i^Jiil Jliil (J j ,5ijJut Lib 

0.1 = (0.000110011001100L ) 2 

j ii^ijiS ijj^tj Jaaft <dii lij j iL.lS' 4sJj 0.1 c£jJ»*ll j~~>Jl Jii "il .JLiil j~~>Jl ,j -kas 3jU^ 15 jls ^,.|?,ll; j 
SiJu (^jAnil j™5ol Ljii jJlo jjSJ j t^j^ijJl j^-Sol Lii J 4Jb jiSi jlS' .JLiSl j^-Sol oUU 1 jJlp ilj US' 

1( JLi!l j-iOl j oUUM & Loli M bJip iJUaa dlb jSl *JL.l5" 

«Jj& li« j i.^x~» j>s- j~*S <up tc^j Ji <LSLi!l ijj*sj\ J,l <LaJLM jI-IpVI ,tA*J /kj^ <J' ^~~~J (3iL~Jl Jlill /-* 
.jj-bi LJb ^j^tdJ 4s-liil oUUl-l j-U- 0V SJL.IS' Uj^jj^ jJjcj ^uil _#£■ j_j~»^Ol 

■ 7 *-r"iJ*^ 



«j^ tcjUI L yl~Jl 


iJkJl 


abU-b 4^wJl 


4^*^ 


/r* l3-^ f '^LiJI 


jjj-^Ji Jl 


4j -ioul 


,4j _JU*JI 


iJbJl jv-iJl J_p- 

Sj^^ji ji ^jA 


0.7 (3) 








0.1015625 (2) 








53.8125(1) 



qa { J^-\ JJ*Jl Jjjs2 ^ _, t (Real Numbers) v^Ll jUpty J^ Jj JjS/i S^^l Uj4f Ji jj& Uu$ 

jl jj^.^Jl oJw^_jJl ajj^aJl ^ »JlS> ljS/ tl's il j 0's !l j* ~*s-y>£ J| (^1 tiJUiil »jj*flJl J| k^iotll aJj^aJl 

.(Digital Systems) vJ^Ji W^Sll «*i j ^j--^ Vjj^V y'j^' ^4*^ J-*^ " 

j ili&Ju* Jjl L^srljj La j ,<J 4^bil a^jjj^I 4j^L-il ^ SJLiil *jjj*& ij j-iJJ-l JJ-xJl ,*-^j ,j> iJlJl ajjail-l 
iU»UJl U^-j J-^i; (.(Fraction) _ r ~S' j (Integer) ^^= s-j* lujfj* ^y jjSL. ( _ s a~5J— i jjjji jl ^ 

jl Ujl^j jJ* c-13.375 y <^ ^^iMl ^ji^J-l jjuJi DIS' bl ?At. .(Point) 

13.375 = (1 101.01 1) 2 

jwti /ji j fri^ll s-jJrl x^aj j-jjlj t(16 bit) ^Jb> ^jU 1 16 //- »jLp "1^-liil 4^jjJrJl 4s-L~il C-JO bis 

?iLv»liJI J~«-^ ("jiJ <—&:? J ?j"^Jl 
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(Fixed Point) fcjlsll ^UUiJl <_>jL>i 

7i~>^z}\ zy*J3 jL~Jl ^U- 3j«il_jJl jUiil oIjUJ-I j j^-SUJ j^oJl ,Jp ixSljJl j,Uiil oliUU l)I ">lt> 



V 


110 1 


1 1 



(Integer) 



(Fraction) 






iULiil 



£*r 



»« 



110 1 



1 1 



mam 



(Integer) 



(Fraction) 



Cf *j^ Cv. ^ J-^bill JbLi Jl^p (Point) al^Uil J_prj e/ 3 ^ V^~' jIJipVI J~^ >— 'ji** j|l l>i* <J *3i Ji^M 

.(Fixed Point) fcjtsll aJUs-UJi vjL.1 U^l jUpS/i J^ j ^jL-Sli 

«Jl& J ^-v2J j c(MSB) Li«Jl 5;Ul-l ^jSo j tLA 4jl>- ^^^i^ *jj jb La LjLtJ ^j^^j tJ JiJ-l iJixJl ijLil j* L.I 



jLSiSfl Sjbs- 



4JULi)l 



(Integer) 



£»>* 



T } 



►M j~£S\ 

(Fraction) 
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<?-LJ.I j^ s-jJrl Oj>J j_1,LxJLj j c-kas j-™^ Cf SjW^ is*?*''' JJbJl jl (fil tlyiv bjL~« jJLJbM JJbdl /^ yc^>r,.^,ll 

^IxXuAl jjP 4^-L»il oJLa i o ^ . ,<? i jl jlSs^^l (j jo J lJus- b j . L»cu~« jjP ^jx^^jl iJmil ^i^.,^->tj,l "Lujjj^I 

iixJu^ i r --j) Hi j£~\ (A^J-I J-IjJI J~i jo" j^-SOl oUU 1 j-U- ilj Ld5" <bl i£~>>- t^^UJ ^yt^Jj tj^JJ 
.(Fixed Point) oliil iL^UJl ^jL»\ j ^SLf ^ IJla ou^S/I *-« <ji>3 j .(^f-il j£ jj~«^Jl 

<tJLiy-l jIjlpVI J~£ (J >>-f «_->_ji— I j»-i>cu~j aj.US' jiSi %jyaj l Ju&>-\ j-Ull i^bil i^j^cJl 4^L~il J"}!*^^ 

.(Floating Point) ~&j*l\ Si^UiJl v^jL-l ^^—j 

(Floating Point) ~&j*£\ iU>UJi tjjJLi! 

4™uJb sijjlil oLLjJI -y iL^Liil dijj^ 1 3-U* j .iL^lill <b-ljj jl dijj^ti jjiii «jj j 1J ~5' /^ SjLp tLjTL 
b-£ 123.456 ^^ioJl es*^' ■ 5 - u l' t3 ^JL^aLaJl liL^^o j»ji jl ^s. y&> .(Decimal) hj^*i\ l^y^s J U 

IJliiirijUo jl 



IjUj 4l^bill dijj^ 



123.456 = 12.3456x10' 
= 1.23456xl0 2 
= 0.123456x10 



= 0.0123456xl0 4 



123.456 = 1234.56x10"' 



\is, aL^UJI dX>,J- 



= 12345.6xl0" 2 
= 123456.0x10 3 
= 1234560.0x10"' 



UJlip lJL» j jL~Jl J,l 3^-ljVl 0_jXj L«Jop L^-j^ ^»Sfl l-i* j_^-j j t^s-lj^l oUU 1 - j-Ip eSjb-u ^V bs^^ 10 
.**-ljV1 tULLr sl4l Ji^ 4j"jLil j iiUaUii o-lj^l oUL^ j-U- Jii ^Vl jIJlS-* jl ^1 .uyJl J] o-lj^l Jj^j" 
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:juir fjL-i jf L* 1101.011 ,/LiJi (jju-i ioji 



; L~j il^lill dijy^ 



1101.011 = 110.1011X2 1 

= 11.01011x2 2 

= 1.101011x2 3 

= 0.1101011x2 4 



Ls. aJU=UJl SoJ- 



1101.011 = 11010.11x2 
= 110101.1x2 
= 1101011.0x2 



= 11010110.0x2 4 



A-Jaj slJLp *!>*} ^i* LiJjt bU .(Normalization) ^ . _ . . Ja. j l aA^jo sJ^jJi «JIa L? «— °" j -j~^ Ji "L^L 

:JUIT diii ^ 1101.011 ^Aail ^aJLJ-l iJuiJ 



1101.011 = 0.1101011x2 4 



j .0 IjjLvw« ( JLJbU JJbJl /^ »to»^iil s-jJrl 7V^' iV"" jL~Jl J.! ^"^J^ - 4 4jL^liJl <^>-ljl> L& L«i -AS LiT Ja»-V 

c(*_pUl ,v j*Si il^UJl "i^-tji j»-U- U /y^Ai (vJ 2 ^' <uL«* ij *^-« jS'T Ja^-i illiA jSJ j .Li I IjjL~« JLJbLl 

^jaxll *^Ls* ij *Jl l£' -1 ^jiil (J if- 4jjL- j~->Jl ,j iU^Lill (jo^ ,-ip <tobj 4JU 1 - Jjl jj^J jl y& Js^jJl IJlA j 

. 1 J* 4j j[s- aLa\J]\ ^jS„ l \p- 4jLi iib*- Jjl jjX? - 2 
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j"l j (Fraction) j~£ y lijS^. ^J^-^ i-uJl £-*aj (Normalization) £-4=di *-L* tl^l -Uj 

.(Exponent) 



0.1101011 x 2^ 

V J 



~v~ 



(Fraction) 



(Exponent) 



^Sy. Jaiwi (Exponent) ^Vij c^aJ-I ->-^ 5hJ.l (bits) WUtil oUUJ-| JT ^U J-juio (Fraction) j~^3i 

.(Point) iULiii 



:Jis» 



. 4j»,,,..k,:,; «3 if <LJbiil «jj-^Jl J,l 3.625 (^j-ijJl jJudl Jj^ 



3 = (11), 






0.625 


X 


2 = 1.25 — > 


1 




0.25 


X 


2 = 0.5 -> 





4 


0.5 


X 


2 = 1.0 — > 


1 




0.0 




0.625 = (0.101) 2 
3.625 = (11. 101) 2 







aits' 



<uU- 



;L-Jl (J,l tjoL^- il^lill i^ljb j*_jiJ 11.101 JJbdl ("tJ 2 ^ 



11.101 = 0.11101x2" 
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.<u~isi *J <r 3JUill ijj-^Jl Jl 0.203125 c^j-iodl J-Ull Jy- 



^jluJl Oj j^2jl (JJ — ~SJl lj a>Cj (*J^J 



0.203125 


X 


2 


= 


0.40625 - 


* 




0.40625 


X 


2 


= 


0.8125 - 


-> 




0.8125 


X 


2 


= 


1.625 


+ 1 


1 


0.625 


X 


2 


= 


1.25 


.» 1 




0.25 


X 


2 


= 


0.5 


-> 




0.5 


X 


2 


= 


1.0 


+ 1 




0.0 















0.203125 = (0.001 101) 2 o\ J 

L>y^' J.! OP^- ^JL^liJl ~ A ^~''j'i r^ ^J 2 ^' ^^-^ *'^^ 
0.001101 = 0.1101x2" 2 





18 S-iJ"^ 


0.7 (3) 


0.1015625 (2) 53.8125 (1) 



(Fraction) ^~S3l - 1 
(Exponent) ^l - 2 
(Sign) SjlA^I - 3 
1( JLiJ-l jJmJl SjLil y& Ua (Sign) ojUi^L jj..,^.a.ll 
j »jLiL 7y>*-^ jJip ^ »jLp ^tyl l ^> j ^yuril ijj^i\ j jj&Ijt iU-jil »ijs> j (Fraction) ^r-^Jl jl Ji^V 

,<LfbiJI ijj«2j\ (Jj <Uj j^ i_ j£ « Jj^JUxJl Ojj^lil 

ilJip^l £• J«Ijcj" diii JJ c-jlT j - (Real Numbers) l&iU jIjipVi £• s-^ljJ-l J^Uj" obi Ju J 
iijja (J oi_jJl liiii J c_~v»l_pJJ Sjcviil *^~jji\ olS"j-iJl jv L> ^3*>l^l ojl^ - Jaii (Integers) i^^t^iil 
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IEEE v<^ c-«li i y>- lilii j-ju*! .(_-!— I jJ-l kiilj l>u L« cjULJI Ji; jup JS"Ls*« ojJ> J,} <^ji ^JJl 
4^- Li oLi^l^ ^^ ^.Vl iijl-ii (institute of Electrical and Electronics Engineers) 
\aAJJ~\ jl-uVl ,y> ^f-y Ou.ju oli-^l^l &!& J <? .JUyU-l iUp-Vl jjij^ (Standards) 
(IEEE Single Precision Float) <oUJl ikili _ji ^^iiJ-i J-ull - 1 
(IEEE Double Precision Float) u^Uail aiaJl ji j-S^aJ-I j-u!i - 2 



(Sign) 



"Y" 

A 



H\ 



(Exponent) 



(Single Precision) ipuJi SSaJi ji ^^M^-' ^' 
; Jhil j>Ji ^ 4^o« <. 4 Bytes = 32 bits y> <dji> 





8-bits 


23-bits 



(Fraction) 



(Sign) 



"Y" 

A 



(Exponent) 



(Double Precision) SipUail tfjj! ji ^^SJ^-' i^ 1 
; JUl j^Jl j^Ip 4^^« c 8 Bytes = 64 bits y <i_ji» 



If 


11 -bits 


52-bits 



sSS\ 
(Fraction) 
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Jt 4jliL# «jtr <^1 ^(Signed Integer) ojLib n^>^> .3-1*5' ajk J*Uxil <d ^^l^jJ.1 s.jA-1 J 4*-^j -u* (*~» 

.LiL* iJi*Jl 015" lil 1 2u-JLl1 j 1^-y jcSjil-l jJi*Jl JIS' lil 2uJLll LjJ jw=^j 
OU (Single Precision) \s\* lis ji <JLJb- ^-^ »jj-^ J 0.1101011x2 4 (A5J-I ^JuJl J^i lojf lil 

4 = (100) 2 (^ J-^^^S yUiil Ojj-^il Ajj^otll 4jj-/aJl ^yi ^Vl JiJ^J Vjl P_jAJ 



|||;- J J I S:' 1 1 I 1 1 1 1 1 



zmmm 



oUULl Uf <UJb jUv»t Uji. *i j^Jl CA&tJ* : UaJUll oUUUs .^UaJUll oUUU ,j» La> iUJall oUUU 
lit l's 1 UjL> »i Jii j tL^rj^ ( _ J »VI OLS" IS] (La> JU-I j> US') jLL^L UjL> *jg Jui ^^1 jL~j J* iUaJlill 

.(SjLa^i oii 4^>^=ji au*ty jji «rij) uu y^\ jir 

IJUIS' dUi jj$C (Double Precision) wU> aiJu ^^i^ j-*p »jj^ J -u^ali o*^ M* ^ J J' '^1 



00000000100 1 10101 1000000000000000000000000000000000000000000000 



! l _ 5 Aji^ J-U- »jj^ (j -25.687 <l«-ill Jjt£ ijuja p-^>j 

4jjU- 3ij ji ( I ) 

.iif-Uia 4ii jj (i_>) 

25.6875 = (1 1001.101 1) 2 ylail Sjj-^ii «o£«Jl b^ <y> J^ 1 </> Jj^ 1 5 >^ 

11001. 1011 = 0.110011011x2 5 ^1 ^ ylsJl SjJ^I 

5 = (101) 2 LSUal "njya^\ J,J SjjAJI oj_j-^aJl y* l j?i\ Jiy^J ^yu 
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' 1( jiy>cS\ ^A Sjo'-VI j iiiLiil 4j)a^l 



1 00000101 11001101100000000000000 



!4jjLxJ| 4iJill 



lii^UiLl iijJl 



1 00000000101 1 1001 101 10000000000000000000000000000000000000000000 



.SjlA^I Hil^ j 1 i^iil «^jj Lui Jjjjj lJU JliLl IJla j i J*~ZJ-\ J-Ull jl Ja^V 

I,JL5>- iJs- ijyjs ij 0. 1 4^-iJl Lii iijjJa tw»j 
,<UpLa* *ii ji (i_->) 
"USUiJl 5jj.,al) hjj**j\ ijj^2j\ ^y" Ai jsxlil ^A o?"^' e JaJM 

0.1 = (0.0001 1001 1001 100L) 2 

^^^ ^ £jUl (Jbiil ^~S3l jl iilJuus- Uli^N j 

0.0001 1001 1001 100L =0.1 1001 1001 100L x2 3 

3 = (11) 2 V^' »jj-^Ji J,i 5jj-io<Ji ojj-aJi ^ ,j*Vl Jj_p^j cj^j 

4J (2's Complement) £li!l J-i^il il£} ^ UL- _ r «£!l oV j 



00000011 
11111100 

1 + 

11111101 



(oUU 8 j) j-uil 

^1 j^ii 
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Jl j «2biUJI aSjJI SJU- J ,-fsil j^ j~£S\ oUL^ ^ JjU 23 J} j~^i! <j^*a*Jj ft jA-l jji r-b£ LjT Ja^M 

aJ^p (j If** u As±&\ «jj (%il j aL^UJI ^ JjVl AJ">li)l jli-^l (->"&4 IJ-* cUs-Uail 5ijJl 3JU- <J aJU^ 52 

.ijjiMl oliUU JS" ,Jp jUa^- (V- 2 (J i_jj-iJl (J j^ji~J jl u-£ Jjj^Jl aJ^p ^i* ./*«Wl 

/yP biijj Ji tJi Ji^ Ajhill sjj^aJl J| Ajj-iaJl Sjj^aJl /^ 0.1 "U-jiil Jjj^cj <us lui (cJJI Jldl Jl oJiP li) JxJ 

liJJj Jbu Ja5-">lj Lil jjfc Liijj i ;~»j ■irf-"^' J**" j"^' olils- sjA Ja5» ajL>- 15 ,J* Jj^sJ-l Jj<j 2 (J v-Jj-iall 

tSL^Lill ^ JjSfl al!Ai!l jU^Vl J-«j '1 100 -k»Ji aJ jjy^ (periodic) tfjy j~-^ j*- *J^ j~&>\ <jf 



jf yjf .AjU V L. Jl 



j! ~**~*s*» \. 



0.1 = (0.0001100110011001100110011001100110011001100110011001100L ). 



!ajjI*J| aJjJI 



11111101 11001100110011001100110 



■ (JUl f- Uaxil j ^j^il ji^ j~£^\ jj> Jai* Aj'ls. 23 Jjl Jij^ f Ji Ajf Ja^M 



lA&pUail Ai-lll 



11111111101 1100110011001100110011001100110011001100110011001100 



>( jUl 9 Uaal j ^^^1 ji^ j~-S3l y Jaii aj - Is- 52 JjT jjjj£ ^ Ji Ajl Ja^V 

a^jJIs .,-ijSJ-l iJj<Jl J~£ <J (Error) Ua^ ojJ-=- Jl ^ijj jjLJl J tell j * ^JJl _ r «&U pliciVl 11* Ji« 
aJU- j a^« Jit Ut-Uail aSjJI 3JU=— j ty~l jU ^JaJL; j .Li ^-ijt lil j Uli 0.1 A^_iJl ^ c~~J j^l HjjaII 
U ULp f.Uas-Vl «J^* Ji* j .Aie-Uall iijjl aJU- (J j^JI oliU^ ^ jjSi jJlp ^jjj^- j-* l^i >■£-*>■ tAjjUJl Ai-lll 
sjj^ry ^ s.Lla^-^1 aJuo j c(Round off Errors) y.jJJl s-Oa^l Lgjp JLUj j a^LaJ-I jUpVI J^ J-^ ojJ- 

.^^ws^Jl jIJls-MI Jji J 



:9 vo^ 



.(Single Precision) ^Le aIj ji ^Li*- jj^ »jj-^ J ^JLxil j^jJi ^ JT J-ic sija ^>j 
0.7 (3) -0.1015625 (2) 53.8125 (1) 
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_ r -S3l ^ {.j>r 9 Oiil j* tJU tk^-l jl j (.\2Jii~\ jI-IpSII J~i j (Error) tU^- iJLa jjSL L. Uli- <u'I UjS'i 

. <! 4i-hil ^J^xJl 4S-LJ.I JjJjJ^ l^jij 

.ioUJl 4ijJb JjLJI Jlii.1 j 0.1 ^Jh^~^ c^y^xJl J-Ull J^ii j tjsuLl jlJi. ^L™^ ^' fj*^ 
jlJiiL" li£. (jcu-iJl ^ju (3jiil , LgJL^f ^Sjjiil ■** jlS /%Jl <U-Jul >c is^px>\ jjli j tSj^JuxJl "njy^\ Jl SLShiil 

0.11001100110011001100110x2 3 ^» ijj^ii U^aJl 

0.00011001100110011001100110 ^Sfl L«*V Jl ^ULiii "^ fji 

-25 c-24 c-21 c-20 »-17 '-16 c-13 c-12 c-9 <-8 »-5 c-4^ J l l > JbjU-l oliUt-l ^ ^ ^y 

^a <U js^il i^JLll jj>o "uL^j 

x = 2- 4 + 2- 5 +2- 8 +2- 9 +2- 12 +2- 13 +2- 15 + 2- 17 +2- 20 + 2- 21 + 2- 24 + 2- 25 
= 0.09999999404 



0. 1 - x = 0. 1 - 0.09999999404 = 5 .96 x 1 



y> J~~Jl j tlajLl jlJi. jl (^1 



:io s-o^ 



(Single Precision) ^il* *3j ji ^s*?^- iJ ^ »jj-^ j 0.7 U^aJI JJi j tUi-l jUL. i_. 



30 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



111111111 1 1010000000000000000000 

.(IEEE Single Precision Float) ioU tfs ji Li^ ^-^ J^. ^ c-J* lij 



1 11111111 11010000000000000000000 



Jl 4jyi j «J jLiil J~£il jL£li . 1 3j jU-. aJ (MSB) U*!l VUU oS/ ^JU t^-^ iJiP j^ SjL* ^A 1 ! 

.-1 ijj^~i ij"^ 0\ Jl4 2jj-ij«Jl ijj^aJl 

0.1101x2' <y» «j*il JU-iJl Jli <-!*, 

0.01 101 iO»)l £r^_ ^lv»Vl l$*V Ji Sl^Lill S^LpL 

x = 2~ 2 + 2~ 3 + 2 -5 = 0.40625 

-0.40625 <j» fcj*il 2u-iii JjSc jlx^i j 4JLJ1 SjLi^i i^L j 



±10 
±10 



-.vS 



±10 
±10 4 



+38 



2JL&- ilapl «jj«* J (^Lic j£x (Jl *-a!i ^Jl» 
(Single Precision) SjjUJi sjjJi oli s^LiJ-l aUpSlI • 
(Double Precision) u^Usil siJJi oti *^iJ-i jIju^i • 
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(26 lao-U j) 

(26 Uj-u j) 

(10 Uj-U j) 

(32 Uj-u j) 

(6 Jlj>- U.5-U- j) 

(10 Ji^ Imj* j) 



A,B,C,D, ...,Z 
a, b, c, d, ..., z 

U} x^ .--Hi +y* ***9 * 



(Characters) jyj\ J*** 
y> L» (characters) j^jJl: iy*£\ 

(Capital Letters) lj^\ <-*jJ-\ • 

(Small Letters) lj^\ ^jj~\ • 

(Digits) fUjfy • 

(Punctuation Marks) *-»>Jl ol-^ • 

~{I}'_ A [\]@?< = >;:/. -, + *()'&%$#"! 

:ji* (White Characters) fr UJi j r jl • 

... cNew Line (.Carriage Return (.Horizontal Tab (.Space 

!Ji* (Control Characters) ^-S^ jj»j • 

... .Form Feed .Back Space <Bell ESC .Del 

\yj 110 Jij^ J 26+26+10+32+6+10 y* jyJS J&\ jjuJi ji </ 



.ajj aOjy Syli L^ j^j JS3 DjSsj cu^ (Binary Code) yb' 'y^ ^*-»c5*->U jj^^Jl el* J^ ^ j 
oJl* J 2b»bll ylstil ol^iAJl jJls- l)i t^~~ '(7 bits) obis- 7 j* jyj 1 * {-**?■ J"^ fjij oUUU ^ jJlp 111 j 

.j r J\ £*~ J^ »5^j jJbJl ll* j 2 7 = 128 y iiU-l 

SjuS' olilte 1 ! (_}J iS^ji •** [£ iiiLtexil jj-«jiJ 4»-Ldl ILJUill oI^jLJJI ^aj*aj£ ~j jl U r*>Jl e-lj-U- <jjJa J^rjj 

J Jjkil aJLA Jjjj j* 5 J {OULJI AjioJ eJ-b£ Jja ^.Lc Lite JUjVI f ^3*>^*>ll Ui< j .oULJl Aj£ j 

oULJl JjLo jU^r t^Jul j^jll .Li Aj«Jrl j*j^y ^aj j»Lbilj L*j*iJ • L*jjjJ2j • L^xjtIj^ »^j • t<Luil oL-wjil 

,Uxjf Ij^l ccJjiMl j^2^ (J 4^jL>- ca-^Ij <jLki .If- 

.oULJl Lie J LJU- i*Astd~l\ (Standard Codes) l^LSil ol^i^Jl y j-uI JUl sjJrl J ^>yc^ 
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ASCII 5>J> 
SyLi j .(American Standard Code for Information Interchange) »jUii jUs^l ASCII tJS" 

IJi Ul-l^dwl j£ VI Oji-iJl jy*J j . jyy* Az*£ i3 ?^c*Jl*~j oliL>- 4*--* -^ 4j jSs^ <LjU oyijl --P ijLf- ASCII 

u-jU ^1 ^j^-j oVT j j^l JjuJ ^uSlI j ASCII 2>A jlSol f .Ub~ IjLJoSl ^-j^l j ^>l! 

tjd^fl <u^j [£ jjSo" j toULJl JiJ jjLJi j c-<^«i~-i JUaJi iL-j js- SjLp ^j (Teletype Machines) 

aJLo^il aJVl 7t-jU-« ^jJ ^^ l jaj tj\ <pLL> -Up .sLiu^. ijj^-Sl\ j *L*y \jP\j&-\ t (Typewriters) tjc-Jlxll 

,o^l ^ ^jJi l-U Vlt- (Telex) ^-SUJl jLpr >uj j .iLxuA\ tfjfl j JjjJi J* U^Jx. ^1 diii ^ 

! ASCII »ji-i (j }yj\ Ar^ "UJlsxi^JJ <LSLiyl oljjLiJI (J,Uil J j-lJrl tz^sji « 



Code 


Char 


Binary 


Hex 


0000000 


00 


nul 


0000001 


01 


soh 


0000010 


02 


stx 


0000011 


03 


etx 


0000100 


04 


eot 


0000101 


05 


enq 


0000110 


06 


ack 


0000111 


07 


bel 


0001000 


08 


bs 


0001001 


09 


ht 


0001010 


0A 


nl 


0001011 


0B 


vt 


0001100 


oc 


ff 


0001101 


0D 


cr 


0001110 


0E 


so 


0001111 


OF 


si 


0010000 


10 


die 


0010001 


11 


del 


0010010 


12 


dc2 


0010011 


13 


dc3 


0010100 


14 


dc4 


0010101 


15 


nak 


0010110 


16 


syn 


0010111 


17 


etb 


0011000 


18 


can 


0011001 


19 


em 


0011010 


1A 


sub 


0011011 


IB 


esc 


0011100 


1C 


fs 


0011101 


ID 


gs 


0011110 


IE 


rs 


0011111 


IF 


us 



Code 


Char 


Binary 


Hex 


0100000 


20 


sp 


0100001 


21 


1 


0100010 


22 


a 


0100011 


23 


# 


0100100 


24 


$ 


0100101 


25 


% 


0100110 


26 


& 


0100111 


27 


i 


0101000 


28 


( 


0101001 


29 


) 


0101010 


2A 


* 


0101011 


2B 


+ 


0101100 


2C 


» 


0101101 


2D 


- 


0101110 


2E 




0101111 


2F 


/ 


0110000 


30 





0110001 


31 


1 


0110010 


32 


2 


0110011 


33 


3 


0110100 


34 


4 


0110101 


35 


5 


0110110 


36 


6 


0110111 


37 


7 


0111000 


38 


8 


0111001 


39 


9 


0111010 


3A 




0111011 


3B 


; 


0111100 


3C 


< 


0111101 


3D 


= 


0111110 


3E 


> 


0111111 


3F 


9 



Code 


Char 


Binary 


Hex 


1000000 


40 


@ 


1000001 


41 


A 


1000010 


42 


B 


1000011 


43 


C 


1000100 


44 


D 


1000101 


45 


E 


1000110 


46 


F 


1000111 


47 


G 


1001000 


48 


H 


1001001 


49 


I 


1001010 


4A 


J 


1001011 


4B 


K 


1001100 


4C 


L 


1001101 


4D 


M 


1001110 


4E 


N 


1001111 


4F 


O 


1010000 


50 


P 


1010001 


51 


Q 


1010010 


52 


R 


1010011 


53 


S 


1010100 


54 


T 


1010101 


55 


U 


1010110 


56 


V 


1010111 


57 


w 


1011000 


58 


X 


1011001 


59 


Y 


1011010 


5A 


Z 


1011011 


4B 


[ 


1011100 


5C 


\ 


1011101 


5D 


] 


1011110 


5E 


A 


1011111 


5F 





Code 


Char 


Binary 


Hex 


1 100000 


60 


' 


1100001 


61 


A 


1100010 


62 


B 


1100011 


63 


C 


1100100 


64 


D 


1100101 


65 


E 


1100110 


66 


F 


1100111 


67 


G 


1101000 


68 


H 


1101001 


69 


I 


1101010 


6A 


J 


1101011 


6B 


K 


1101100 


6C 


L 


1101101 


6D 


M 


1101110 


6E 


N 


1101111 


6F 


O 


1110000 


70 


P 


1110001 


71 


Q 


1110010 


72 


R 


1110011 


73 


S 


1110100 


74 


T 


1110101 


75 


U 


1110110 


76 


V 


1110111 


77 


w 


1111000 


78 


X 


1111001 


79 


Y 


1111010 


7A 


Z 


1111011 


7B 


{ 


1111100 


7C 


1 


1111101 


7D 


} 


1111110 


7E 


- 


1111111 


7F 


Del 
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4iksJ.I jyji 2LJUiil olyLiJl ^^a-^ 1 jl l Js- SJlJiJl olJa^^LLl ^^lxj Jj J-* 9 ^ Ji^-Jl Jj^I (J js*-*^ ^-<>-9 ^} 
fLijSU litkll ol^LtJl j^J L< 4i%Jl ">Li. Ja*-^ . 4^Svj~ *ijjiaj V lil j SjaLlf-l ijyZJ fi-i; i ASCII sylA (j 

^y J^-o Of (cJ j Jijl S^LA ju L. (30) 16 sjlJii. bL? Liy iJUa jl Ji4 t^lSjVI ilUi *J j 0-9 (Digits) 

.cS^Sfl 3*«ijJl Jujaj^l j «_j_^«U-I (j Ijjjf LA 7-b£ iJ^P _» j ;U> SLliil ~ill J| j>lsj^l jy>j Jjy^- 4jL*- 

jji-^Jl sjjjij (Capital Letter) j^i\ ^JyAi ASCII lyS ju U olj 4~>0.j ^"^ j j^j LaJ Ja^ 
lJ^J Jl S^^Jl i-Jjs-Vi JjjsS U^p y J*£ Of <. (20) 16 y> O^jyli o« Jyiil jl Jl4 t (Small Letter) 

u 4 ', g -i •* <uO»w£- jiyt. m^ ^3 tr"^ *"^ V a ' J^*^ 

jl cu^ (.(8 th bit) *J>li!l 5JUL| iiJlCi^ o^ c^j^LLl j j_^ Jl J~tf j ASCII ayi£ c_.-bM~*l U-Ue- 
4jj5^ »yLi ^ »jLp ASCII aj&i> jl ui>- j c8 bits ^ jj£il Byte — il fUa; ^ ^ ^-^IjJ-l j jo*^' 
«Jla J^lii^ jliijJa jJJLa j .SLuLtJl 4JbUJ {.lJbM.nl jL£I ^ JuV jLf dllJJ c(7-bit Code) oUL^ 4jt^ ^ 

,\yj 128 j^ ^Ju i>«j 256 t^j o^ LfLji jj^.^l jy Jl ^-^ ^Uai 5i.Lt! I ij\i-\ *lJbM**l ( ^s, .1 
\y>j 128 -Jl L.I c v-uil ASCII IJA jyj ^ L^ JjVl [>.j 128 -Jl JjSc r>-j 256 -Jl «I* 

jyj\ ^axj Lti Jj jl ti-jydl <UJJl li. ajy 1 - j/I oUlil lJ^s-I J-di Js L^.IJc=m~»I /S^i SJL^Vl 

.liJJj jjP J S—ibjJl O^iLxil ijOS' j jl JjljJrl S-Oj j jl oUj^jJl j ">\i« 4^>Jc5M-J.I 2u«ULl 

^jum-j U^p ^j (.(Parity Check) jixJi a~Up lS ^~j" U^p j ai.lsll «UM j.|j.sm^) jS^:. .2 
J5L.J j>p iLjJa cjULJ cjULJI Jii jop 4jI cu^ .oULJl Jij J (Error) Lk^- ^->jJ^ ^iLt^S'V 
IS' jii ^Ljas-'^l »ijk Lt. o>j-b~ i_iLi^S'*>U .f-Oa^-l ojjJ- o>0LJl diJj Jpj& Ji "UiisMl jL^j^l 

J~"y >*J ^' t) l' S ^ Lf^' J " U '' ^-^ ^ LS^ ^ J^~J' ^JJ' J OjULjJJ Li J.I i_> JJI .y. 

JJ J^, J.I (J> JJI ^ji diii ^JLc t b j .(Odd Parity) i£*j& Ja^Lj ^-~j> y> j c"^ Oiy 

SjLjLl (3 /w'ji j*j^J (J*^ LajJ^- jl Jorj liLs fui oj^>rjil 1 s il i-^- <~j'l~A y>j <el JO^jJ 

y Jl j l's -Jl jJlP jl Jl^tj lil L.I .0j> y)\ j l's -JJ (jKil JJ*il Js- JiU^JJ diiij ci^Ltil 

jl (^1 .Ojji j^jJl J 1 S U (JiSol JJuJl 7tc-^j C-~z£ ikw\ii\ 3jULl J 1 f-*i_jj j*jij <>LJ L^-jj L-jll 

4^iJl ^y. li-Ui j fdL-jO *jZj yj IS' J cJiy l's !l J-i* jl <_y aTLJI ^a L^^il ^^JJl 3^. 

<uU J-iuJ.1 i_i Jail v-JL L.I .(Parity bit) jaxJi iib^ L^Ip jLki ^Ji j t^Ltil sjUL j a^.Uil 

OjJj- j»JlP tiiii ^iw jLT c?Oji UjJlP jl Jurj liLi fjl l^aj yj i$\ J 1 S Si JJLfr c_jL~^ )»_jij 

5^SLJ.I SJc^jJI iijjall j .Lk^ oj-b- liiii ia*«J is^jj LajJ* jl J^rj lil L.I t JjUI ijLp s.0jI LL>- 

(^JJl y Jl jL.jl SjLpI L J.1 l3 JaJl y. JJicJ.1 ^3 Jail i_JJaj jl ^ Ua oJi^ t^JJl LtajLl ^^-^J 

<V" J4»f (3 fL. j>P ylyij cjiAj^L^-^l ,j JUaj^l oL?L.I JjJrJ ^...kJO i l,k": I J-Aj cLtlaL>- 4jL;j 



34 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



ljoU^ J %>- oj-b- lJL£j5'I js- y-uu jlLs^SlI ojJi^ i_iLic5'l J ^jL-Sfl IJL* il)f Jos-V .<l)Ls-^l 

. 41aL£ /^i. C~j£ OjjJ-l jili lyl -b-lj C-ij (J C/£J^ L? ^^ ^J-^- 

cL^rjj J~"y >«j <^' <J5 1 S U jJSsJl J-Uil jjSL jf ^p Li^dlj J^-^ll OliJaJl jii jf UaJ j&J 

.(Even Parity) ^rjjJ' J^^k l>i* (^—i j 

(Binary Coded Decimal) BCD Sji-i 

(Main Frames) «j>^Ji u-^ljJ-l J (Integers) ^^Jl aU^ty J^J ^lii J syiiJl «Ia c-'-b'cu*! 

»lJbw*»lj 0-9 y r^*jVl j<»ijj^ J^ *i SyLiJl sJl* j .IBM iS'j-i L^rl^y c-«li j^Jl illL" ivL*- cliyiSlI 

; JliilT tlLii j <.(4-bits Binary Code) oUU^ ixjjf j* a^ UU5 Sjii 



(Digit) 


(Code) 





0000 


1 


0001 


2 


0010 


3 


0011 


4 


0100 


5 


0101 


6 


0110 


7 


0111 


8 


1000 


9 


1001 



~cij£jS\ -kas [41* \^>Ss^i^\ iSikjt (Code) ayli 16 L^^xj L^ J~^l (J 4^-l^tivJ.I ixjjVl oUliU jl Jij-M 

.1111 cinodioi dioodoii <ioio :^*^j^^>oi>i 6cxj jL i^ 

:^ ,aj a^li-l BCD 



1000 



831 

▼ 

0011 



0001 



831 = (1000001 10001) BCD J* J-^i f iijSU BCD ol>£ £~^o 
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As^s^^si\ jIJlP^I Ljljuiu ^Jl liiij y jjSl ^JJ* 1 4^L~* Ji-So BCD ijj^ J 5jioJ.I ^x^^ill ilJie-Vl l)I Ja>-V 

.oIJluLcJI j ob i*^2jl « Is bidl -y jjiSol 4j 



:n ^jjj 



?BCD 8jAi j«ijl>c^Ij 1 Byte J <mj^ /^U. jjip j^t y> b. 



(Extended Binary Coded Decimal Information Code) EBCDIC "»jLS> 

ijJLi' j±S X>- ^l <uJUj ^ j ,jyj>\ V^S £y> rJ>*^Zj CUj^ BCD ij££j jiji^J f& 'jb* j* oyi-iJl s-Ia 

J j^l JjuJ EBCDIC 5>i c-o*a-.l .(8 bits) obb^ 8 & ^jC EBCDIC 2>£ jl ^ .ASCII 

ikJ.1 obbJ a^ J»bdl v^i cJlj L. j .IBM i£ji> L^^j" /Jl (Main Frames) "»jr&\ ^~*\jJ~\ 
Cx^J diiij IBM aT> LprliL rj i" gJl u-4-.iy-l t) o^l ^ "j^r EBCDIC 2>A fUbw^ 

(Gray Code) l>aUj)l SjiJSji 
j ^ j^uJ.1 ^jL»S(i i_~~o dili j (.(Reflected Code) i-»j£*ii Sji-iJi uj UaJ S^iiJl «Jl* ^ jljaj 

jl /y^. J ,-kai -b~lj bit ij ,ji*Jl b<>_g_sii*j /jP jbik^: I4J jiiJbi« /ri>*j •JS' jb SyLiJl aJLa jbj? .Lajjjj 

! J, bits' Sj^UjJl iiyijjl •i^lyJ fjAJ 



(^1 tisJj>-l « 3JU? 1 - £J> SjjSU.1 Ubil Ojijjl l^* 1 ^ L5* »Jl?-l • ill? 1 - /y« 4j jSJ.1 4jjL«jJl OyLcJl 





1 








1 
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Js- J^a^ji {^j cr^^ r^ ls^i «v*^l 4 -^ (Reflection) ^-^ ' A ^ UJ - ^j*\>. (*j^J 





1 



1 




(^jll) ^UJl j-k-Jl 



f Js- J^2^^i t4li^l l's i j c cr S'UJl tt^.JI ^^It-I O's i jl~Jl J,} oJljJl a_j Udl 3jUL| t Lc. *jZj IjpM 












1 


1 


1 


1 






^A ^jvil^- ^ya 4J jSUj 4jjUyl (SjiJUjI jjSo diJ-ij J 



00 
01 

11 

10 



00 
01 
10 

11 



[C* J JjOJ L>=- -y> 4J a>JJ ^jLjjl fi JlZ*]\ X-* jjii 



j .Oljjiif uO-UJ-l ^ jli 10 Ji 01 ^ JUiVI Jup <0U VUiil S>jJl jU .0 J! 1 <y jf 1 Ji t y 

1 J,J Jjij jyt£ i j JjJ i t^j~Jl <UUM jl (jy- (J ,c-»Jl <UUM 7t-v2J lJj*~J\ iiUU Li ,V>-Jl <UUM Oj^J lil 
4s^s*^s}\ 4^JLll jg,b^ 1 (J,J jV t^j-™^' "UUM jjjti? £■ tlJjr i jy^i \r*j iyji 00 SiisljM 4, ; ,k,.^jjl 4^Jill j(j)^"' 

.10 
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1 

i 

<- 

i 

1 



r^P A,y> .» a 



J JS'Li^ ojJ> Jl c^jj; Ji (Incorrect Intermediate Values) ^^^Jl _^p ij^jjl ^i s JLa Jl< j 



(CI tLa-VJji Luj /yl J^XiL*- /»• 4j »SJ»I <loL«yl SyiJuJb iJLj oLil^- "b^li /y 4jS^» 4ji\j»j ijjLi -U fj 





1 

1 1 

1 



Js- ^s-^i ((^*j a - 5 ' 1 * ^~" (J*) »j*&& e-U (Reflection) ^-S^ aJLp ^i^b f ji 












1 


1 


1 


1 





1 





1 


1 





1 
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Jj- i j^s^i Li^JuJ\ l's ; j <. U S\*}\ 7J2-JI l Js-\ O's ! jUJl ,J,I ixil jJl Itiltil UUJ-I jJj:. pji Ijjps-T 


















1 





1 


1 





1 





1 


1 





1 


1 


1 


1 





1 


1 









^A OlilS- 4J"^J /^ 4Jj>Jj ApUjJl BjjLiJl jjSj dD-ij J 



OOO 
001 
Oil 
010 
110 

111 

101 
100 








1 

1 1 

1 

1 1 

1 1 1 

1 1 

1 
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^Js- J^s^ji ((/°*J u~^^ H^ ls^I v*-^' "-^ (Reflection) l _ r ^f- 1 4^ J - ^j*\>. (*j^J 


















1 





1 


1 





1 





1 


1 





1 


1 


1 


1 





1 


1 








1 








1 





1 


1 


1 


1 


1 


1 








1 








1 


1 








1 












l Js- J-^^ji i^LLol l's I j t^-TUJl fr^.Jl l Js-\ O's j jUJl Jl suSljJl SjuIjJI 5jUL| f. Jj: »ji IjpM 
























1 








1 


1 








1 








1 


1 








1 


1 


1 





1 





1 





1 








1 


1 








1 


1 





1 


1 


1 


1 


1 


1 


1 


1 





1 





1 





1 





1 


1 


1 








1 


1 
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Sj^aS tliksxil l^f-l^b i^^^tll jlJLt-V! J~i ii^ ,J^- Vjl biyt? C-~*- .i^^Jl 4^JaJVl ^ij _j t_Jj~»bU 

lo-b~ US' .(Unsigned) «jLA} jj-b jl (Signed) »jl£b. <.(Long) sLjJ» jf (Integer) ^iU jl (Short) 

J,l Ldiijl * ,lk>- <^l jjj 4JUIS' iiJu l^JLii *ij 4^>*^2jl jI-Lp^I jl \sijS- j .9- y IS L^Li /Jl (^-^Jl <^-L« 
is-hil 4s-LJ.I AjijA^ \Jaj iL»LS' ZiAj l$Lii /^-^l _#* ,v *J' LiJj^- j 'LfLii: iijJa L^jj j iJLiJ-l jI-Ip^I 

t^JLI>- j-le- »l fz*sx-*z J-lf- jlS j.!«~» O-bOl /jjjjO <U-bil 4J-L-J.I ~s>*->- ilj LJi 4jl ^J [x^al^- « ,\^jy>CJ 

j .iLSjadl oljjixll jot y> j ^(Boolean Algebra) jUjJl jJrl oL-UI ^ i_iycu^ H^UJl aJb-^Jl j 

UsjI ,_j«— J ^1 '(Logic Circuits) i-ajadi jJljjJl j <u^ J^UJl *^> ^JJl oljjisil ?• jj y> i^^kd! oljycd.1 

oLLjJi j (.(Logical Variable) { J^s jji^l ^ i_iyci cu^ .(Digital Circuits) v-sjl yljjJL 

8 Ji» ^b fJ i- gJl (Logic Gates) *J^1\ obUJl j .OR j AND j NOT cWAiil V^l \&A\ 

Jjaj.1 j**i!l L J^- i-3ytXJ LyS' .,e«ij j»UaJ c£i fbj (j iaJj 1 *^-].! 4^L*Vl ol-b-jjl ^A obljJl »ij^ j tO>LLj<Jl 

jJrl oLiJaJ ^axj JIp ^yco Sj^jJi 4jU Jj . (Truth Table) ^ij-^Ji Jj-^r j (Logical Expression) 

55 = (110111) 2 (1) :i^_j^ 

200 = (11001000) 2 (2) 

300 = (1 00101 100) 2 (3) 

600 = (100101 1000) 2 (4) 

(101 1101 1) 2 =187 (1) Sc^U 

(10000000) 2 =128 (2) 
(1 1 1001 11) 2 =231 (3) 
(11111111) 2 =255 (4) 
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+ 15 = (00001 111) 2 (1) Hvo* 

-15 = (11110001) 2 

+ 65 = (0 100000 1) 2 (2) 
-65 = (10111111) 2 

+ 1 = (0000000 1) 2 (3) 
-1 = (11111111) 2 

+ 127 = (01111111) 2 (4) 
-127 = (1 000000 1) 2 

(10111111) 2 = -65 (1) :5^ o 0J 

(10000000) 2 =-128 (2) 
(01111111) 2 =+127 (3) 
(11111111) 2 =-1 (4) 



.^Kj^ J\ &>jJ- 'i ( i ) :6 so*« 

jj ^^^sJl jy^iJl j-uU josM t^-^l ?r j&- ^ij^- s\jA ^iJi oSl Overflow oJl£ (i_>) 

.200 4^-ill ^,-J j -56 ^iil ^jJj^ *V .SjLi^l 

53.8125 = (110101. 1101) 2 (1) :7^.j^ 

0.1015625 = (0.0001 101) 2 (2) 
0.7 = (0.101 1001 1001 1001 100L ) 2 (3) 

53.8125 = (110101.1101) 2 =0.1101011101x2 6 (1) : 18 ^>jXS 

0.1015625 = (0.0001 101) 2 = 0.1 101x2 3 (2) 
0.7 = (0.101 1001 1001 1001 100L ) 2 = 0.101100110011001100L x2° (3) 
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:9 ^yu 



00000110 11010111010000000000000 



(1) 



1 11111101 11010000000000000000000 



(2) 



00000000 10110011001100110011001 



(3) 



7.15x10 



:io s-o^" 



99 111 t-oJB 



1 . M. Morris Mano, Digital Design, Prentice-Hall, 2002 

2. R. F. Tinder, Engineering Digital Design, Academic Press, 2000 

3. JohnWakerly, Digital Design: Principles and Practices, Prentice-Hall, 2000 

4. Daniel D. Gajski, Principles of Digital Design, Prentice Hall, 1997 

5. R. H. Katz, Benjamin/Cummings, Contemporary Logic Design, 1994 

6. J. P. Hayes, Introduction to Digital Logic Design, Addison- Wesley, 1993 
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Basics of Boolean Algebra jUjJi jJri 0L-1UI BjiaJi 5*b-j)l 

-^ 

(Logical Variable) ^jikdi jy<J.i . 1 

(Logical Operations) '^iUA\ oLLjJi .2 

ijikdl 4jij-ii (Fan-In) J^-^i > sl^i^t j-ip j^Ju .3 

(Logical Expression) ^Jk^ jj#d\ .4 

(Logic Circuit) aJkdl S^slaJl .5 

(Logic Diagram) ^^kdi Jaja^i . 6 

(Truth Table) ^\y^\ Jj-^ .7 

(Boolean Algebra Theorems) jUjJl ^Jrl oljjaj .8 

~si (^JJl olj;Jcdl f- j; y> 4-ikJ.l olji^cdl j .iJkdl olj^oU _^r y> j ^(Boolean Algebra) jU^Jl jJri 
J l$Jl ^\J- ^Jl v-L-^l ^^' ^^ J& ^Jyd £~s- .(Logic Circuits) vJadl jSljjJl j 4jw J*Udl 
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(Logical Variable) ^^Skiii j*&\ - 1 



lia^. 


y 


^)\yj> 


False 


y 


True 


OFF 


y 


ON 


Volts 


y 


+5 Volts 


Low 


y 


High 


£j**i\ 


y 


J*J 


Female 


y 


Male 



OyU cSOs-} VJ Jb^y jl jSo:. V ^ji)^ jjjco. (^U ... yj\j i^^-Vl ^_Jil j 1 _^Jli ui^**iil l5-^V >«y- 
. x = jl X = 1 Jj^i ill' L"i *J^ Jk< jjil< X 0\S~ lili .liJlJ JU^I (^1 Jl^-jj V j tijjl^siil 

(Logical Operations) aJL1\ oLU*Ji - 2 
oLL* jj* oLLjJI »Jl& ^^xj .dJikdl OljJfcdl ^1* l*jlj*ri j^c Jj!> OLLuJl ^ a,,,5)?.dl oLLjJi 
j NOR j NAND oLU Ju ( Ul-! > oLU* l^ _, .OR j AND j NOT oLU ^ _, t UUt 

.V-L-V' oLLjJI j«IJl>cu*Ij L^p jjodl J>s„ oLLjJI «Jla j tXOR 

NOT iJL* 1- 2 

liU tJ^aJl ^j^ o^ *jW^ ^j^i jj^i Lfc*j ^(Logical Inversion) ^^Udi ^r^ 1 M** ^J U^ J^ 

x = NOTA 

x = A 
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Ay^i\ Jj-^r j tNOT U^xJ ujIj^JI Jj-^r y>j t(Truth Table) ^>\y^\ Jj-^t ls: «-~j JUl JjjJrl 



A 


X 





1 


1 






£j* iAs~\j Ji>-lj jl (jXf. -b-lj _£*i* j* »jLp aJU-I aJLfc (J J^-^l J . X y> r^-l j A / ^ J^-^' £>' -i«»-V 

.J^-jJJ Jaii J^JL^I i)U* l)I <^1 cl jl UJ 'ui 1 ^ 

U*f Lfeio jXk ^Jl c(NOT Gate) NOT tyjj ^ U^Ji e I* ^L, ^ys ^\ (Logic Gate) vlkdl i>\^\ 
:NOT IjIjj J^ J uj*M Lftl^sJl 0* </ (.Uas-I j&l j .(Logic Inverter) ,^kli j-TuIi 



-t> 



■O 



(Equivalence) jii£s)i SJUp 2- 2 
x = A 

j& 4*Ljjuj ^Ij^JI JjUsrj 



A 


X 








1 


1 



IJbJl l^LiJU IgLif *^j j c(Buffer) JjUJl t^— " M**^ »•** *'j^k fj-^" ^' 4jljJl 



i> 
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AND iJL* 3- 2 

L «L~« Jj>j ?tj>-\ Ops. j '1 *i jl~w« Is- Jul olj;^*^ ("-s^ - C-J^S lij Jiis I L «L™« r-j>-l jj^s ^LLuOl sJIa (j 

iJUl ijjjall /^ (CVj 4^;Lj<J| oJJs j^jj j .0 IjjL~« J>-jJl olj^cu ,y« jj>C0« (S< OIS" lil 

x = A AM) fi 
x = AS 
x = AS 

(uijLAi-i j&H\ ,_» Sji^Sfi u.>Ji) 

uii^Jur. AND ijljJ cjIj^I JjJjt Ji UJ 



A 


B 


X 














1 





1 








1 


1 


1 



J 4^L»Jl oJif-liJl j • l \>-- i ^ O^U^I 4*jjl J^-jJ AJU <. B J A l°* li* J^-^ (jiji* 1 * •^.P 1 '.^ 'j^ ^' Ja^-V 

Jjj^r jja^l jJlp (^1 tJ^jJl oVU^I jJi^ jli N y> J^-^l c^ljjjc^ jJlp jlT lil 4jl ^ ^Ij^Jl JjlJ^- 

. 2 j^ c^_->l^vaJl 

(JbJi iSLiJb Li j^jj j cAND ajIjj ,-* ^io-xJi sJ^* ^j^-'y fj£> ^ ^iJaJ.1 *j'jJi 



A 
5 



Oil^Ju:. AND ajIjj 
(2-Input AND Gate) 
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y&> -l >U^-Jl« j* j£\ AND ijljJ j_^j JtS 



A 
C 



J^U. abli AND 4jIjj 
(3 -Input AND Gate) 



:i (wujju- 



.J^lx. #>& AND ajIjJ (Truth Table) ^1^1 JjJ^r jLiJb ^i 



OR U»* 4- 2 

lil LijL-*-* 0_j>j /ry^l ^j5L j d IjjU*^ U^jJl oljoci* *ja (j\ jlS" lil 1 bjL«^ r-^pM 0^>j ^LuJl dJU& (j 



x = AORB 
x = A + B 



A 


B 


X 














1 


1 


1 





1 


1 


1 


1 



l jU>--l£. OR *j'jJ ol will J jJl»r Jj Li-jS 



(J 111 I ISjJlj Li j^^j j tOR 4jIjj (c* 4~Uj«JI s-Xa i-\j>r\> *yu /gJl *Ug]adl 4jl_^Jl 



/i 


^ 




V 1 


# 


Z- ' 




j^L>--u. OR *j!jj 




(2-Input OR Gate) 



X 
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y&> , l yl>-A J > sjA JS\ OR 4j!jJ Jj>j •& 



A 
B 
C 
D 



1>-IX» ixjjb OR *j!jJ 

(4-Input OR Gate) 



:2 so-tf 



.J^-U. 4j<jjL OR ijijJ (Truth Table) ^>\y^\ J>v=t ^Liib ^ 



NAND U»*5-2 
yjt Li yj. j .NOT AND U^p Ul ^1 .NOT U^ 4^^ AND U^p ^ SjU ^ NAND U^ 

4JU1 J>J| t y 
x = A NAND B 



x = A AND B 



x = AB 
x = AB 



*S_^ y> US' AND 5-Lp ^-^p y>j <.NAND vUj<J ^ r j\ r ^i\ Jj-br y> JUl Jj-bM 



A 


B 


X 








1 





1 


1 


1 





1 


1 


1 






JUl jSLiJL; Li j*jj j (.NAND h\jj ^ 4Ju*}\ aJia jl^rb j»jij" /Jl 2LijaJ.I 4jljJl 



A 
B 



ujUju;. NAND 4jIjj 
(2-Input NAND Gate) 
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(Sufficiency of NAND) NAND U»* l>\£ 

Ujl^l ^fs, (OR tAND cNOT) o^I v-L-^ 1 Ukll oLL^l jl y> NAND U^p 2uU£, j^^iii 

.-k«j NAND oLIjj (.Ubw-lj J-«l£Jb Uk^ SjJli (^t jb jSo:. JUb j cNAND oU^ flJbw-lj U^ 

.NAND Obljj *(JbW*.lj O^Aill V" 1 -'^ 1 Ujadl oLhjJl fl^pr) Uija T^SjX^ Jlsil jjJrl J 

:notu^p 



^1 <.Jl^Ij J^j L-iJla NAND ajIjj ^jJk* ^Ui' ^j^^uJ.1 NAND h\jJ yj jl j^. j 



A 



:and u^p 



^^Ja^. ^jSs- aA^ju \s-ypji NAND 4~L-£ s-\j>r\ jij? j*- AND ^lJLp s-lj^J t ^x^ 



A 
5 



AS 



AB 



:ORii^ 



J^jJl LJlJsf ^ <-}Jb JS3 ^^ik^ ,j~£p ^J^xj iij™^ NAND 2uL> jij^rl jjja js- OR *-L* s.1^1 ^j&r. 



B 



A 



B 



AB=A+B 
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AB=A+B Jl £~k JUl ^\y*}\ JjJ^r 



A 


B 


A 


B 


AB 


AB 


A + B 








1 


1 


1 











1 


1 








1 


1 


1 








1 





1 


1 


1 


1 











1 


1 



NOR U*p 6- 2 

ja c/l Li >v. j .NOT OR 2uL* Lit grf .NOT U^ i*^, OR U*p ^ 5jU ^ NOR U*p 

4JU1 J>Jl 
x = A M9fl 5 



x = AORB 



x = A + B 

x = AlB 



*3y» jA US' OR <LjUp (j->S>vP jJ& J cNOR 4~L>J<J <_jl_j*a!l JjJur J* JUl JjJbM 



A 


B 


X 








1 





1 





1 








1 


1 






JbJl Lx-iJl Li y>ji j cNOR *j!jj ,»* 4~Uj«JI sJla e-l^srL; pjiJ /^Jl ^uSjaxil 2ul_jj! 



A 
5 



Oi^-^-NOR h\j> 

(2-Input NOR Gate) 
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(Sufficiency of NOR) NOR U»* l>\£ 

L^ \j»j\j*l ^_£s„ (OR tAND cNOT) o^l v^^ 1 vkll oLL*Jl jl y> NOR U*p 4J.U& > Jr *A\ 

.-k*» NOR oLIjj (.Ubw^lj J^lS^Jb ;Uk^. Syb yjf f b ^s_ JUb j tNOR oU^j f>lJbw-.lj 

:notu^p 



<g\ jOs-lj J^J Jsjaj NOR 4J^ ^^ o" 5 ' 1 ^ ^-^^ NOR 4jIjJ >V Jt <j£*. J 



r> 



A 



fl)?;.« (JmXP 4-Lwhj 4^-j^l* NOR ^d«-£ «■'>*-! Jij^ ,j* OR *^-«^- t\jx-\ r&Ji 



A 
B 



D^4> 



A + B 



:andu^p 



J^jJl i_3l^W j^ '—ija JSvl ^,5|?,:,« ^p^*- ^jLu<j ~Hy~~ji NOR 4~L>-£ frl>>r| Jij^ o* AND ^L-* - *'jM 0^- 




A+B=AB 
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A+B=AB Jl c-i Jbil ^\j^i\ Jy^r 



A 


B 


A 


B 


A + B 


A + B 


AB 








1 


1 


1 











1 


1 





1 








1 








1 


1 








1 


1 











1 


1 



.OR oUjj j AND oUjj Jt. dDi ^ L$Jli. lj^x> ^ jS'l NOR oU^ 5 NAND oL.1^ >^ j 

XOR U»* 7- 2 

D^U-Jl jLf lil 1 c^jL-j r-j^-l o\ d~>- ii_i">b^Nl ^1^ ^j^-j" j (.Exclusive OR »jW*J jUt^l y> XOR 

j^JLjI (jviijjajl ^-i>-lj Li y»ji j .^yJAJ^a Lio lij l5 ?^™J j 'uy"^ 

x = A XOR B 

x = A@B 

XOR U^J vb-^ Jj- 1 ^ j* J^ 1 Jj- 1 ^ 1 



A 


B 


X 














1 


1 


1 





1 


1 


1 






,J,Ltil iSLiJL; Li j^jj j cXOR *j!jj (j* <LJLjJI o-La s-'j^k fj^ l5^' ^ii^ll *j'>J' 



A 
5 



E> 



OiU-U.XOR ~<u)y. 

(2-Input XOR Gate) 

JUlLT OMtil vi-^ 1 oLLJl flJb««.lj XOR U*p ^ ^odl ^_fs, j 
A®B = AB + AB 



10 
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A@B = AB + AB if c~i Jlsil vM 1 Jj-** J 



A 


5 


A 


B 


AB 


AB 


AB + AB 


A®B 








1 


1 

















1 


1 





1 





1 


1 


1 








1 





1 


1 


1 


1 


1 





















XNOR U»* 8- 2 

ijiijbjl JvlLjjail (^Jb-b Li J^^j j ,JijiL# LiLf lil l5jL~j 



x = A XNOR B 



x = A@B 



XNOR U»*l v'j^l Jj-^ y J^ 1 Jj-^ 1 



A 


B 


X 








1 





1 





1 








1 


1 


1 



J,bil Lx-iJb Li j^jj j iXNOR *j!jj (t* <LjLxJl a-L» &Ij»-L) pjiJ ^Jl ZUajaxll 4jI_^JI 



B JL 



uiU-u.XNOR^ 
(2-Input XNOR Gate) 

JULf d^l V^ 1 oLUJl f.lJiAiw.lj XNOR U^p ^p j^odl jSo:. j 



A®B = AB + AB 



13 s-ijOJ 



A©S = AS + AS d\ c~& ^JUI vlj^Jl JjO* fLiJL, ^ 



^ ^L XNOR oUjj jT XOR oU^ >^- ^ .NOR j NAND j OR j AND o^ ^i^ j 



11 
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ajkdl h\jJi (Fan-In) J^aJi J>\Jt>\ iJs- jJ6 - 3 
.aJJ r-b£ Lt Jit jf jjSl (Fan-In) J^-iJl i-il^M ^ j-Uj i^k^ oUjj U yji" Ji OL^Sfl ja ji£ J 
jl ojIjJIj Juijadl 4jIjJJ Ls^-JLJl (_Jljl»l iXs- j^Jci Lj*Lj| LuSoJ. ^Jl iiksdl i_^JL»^l s.jA-1 IJl* J 7^y^ 

.QI,i-?5;'Li 
I J^jJl i_ilj»t jJlP J~li" 



A 
B 



— A B 



"T 



A 
B 



X 



A + B 



A 
B 
C 



ABC 



t 



J^jJl <-}Jo tf c; aUJL ! jJJi j t^jU^Jj:. AND ijlj^S' J^lJu ^"^ AND «j!jj L»j^c^I JjSn lJU-l J 
J^lJL* 4j<jjIj OR *j!jj L<^jxiv-l <LJU]I <l!U-l (j j . jyJb^i-J.1 J^-^l ijj^ ^>-h ^.y. **•? Vj-^A' ji^ 1 i-iJbJl 

.jJs-ju:. OR ^Ij^f 

j AND Obljj J JuljJl J^jJl <-*Jb (J 1 2u2jaJ.I 2u-iJl f-^ JuljJl J^-jJl l3^ ^y. l yAs^\ ~j jl ^jSoT. US' 

?At. .NOR j OR obi^ j -UijJi J^jJi J»> j vikdi 2u-iii ^j j cNAND 



A 
B 

1 

A 
B 




A 
B 
C 

1 

A 






A B 



A + B 



ABC 
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i_ija £A u A^i\j JJJi j t^jU^Ju:. AND *j\jS JsMJw si^ta AND «j!jj L«-b^~»l JjSlI aJU-l J UaJ U* 



">lL» colill 4jlj~U L^JlS' (J,jV 4jIjJI 7^ T~ ^^^^ J a_l=^lj 4jIjj <y J5\ ?\^s±Z^\j liJUi ,*£> 



A 
C 



A-5C 



A 
B 

C 
D 



D^ 



3>- 



A+B+C+D 



A 
B 

C 
D 



-iJ 



-il 



■A®B®C®D 



jjlill 3JU-1 j j .J^-U* abb AND l>\£ ifjdf-xc U-f^ Jf <.AND ^)y. L«j^~»i JjSfl aJU-l J 

. J^-U* ixjjt XOR *j)jS <.cr^^- U^ *^ J 5 ' 'XOR oUjj 
(Logical Expression) ^kd' ju*s)i - 4 

li« .<ULfa^« oLLuu ^2J<-Jl I g •/>*! xj> ajaJjil "Lfljalil Cjljjicdl /y \i-y^ /S- »jLs- «J& a,k;ll jjjcJI 

;c = A + 5C 

OR j AND j NOT oLh-p l^ Sx,j ^xjCjBjA^ oij^ a^jt ^ b» L5 ikii j^odi j^So 

.(=) jilSol 4~Lp j 
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: (Operation Precedence) oLL-*Ji t\jx\ ^vj 

NOT L? akdi ^XJl U^ - 1 
AND U^p - 2 
OR5.U-3 
j B oy. AND ^uL* jc «Vjl C j B ^.jycJ} ^JSkdl ^-SUii U^p <^l Mjl ^ t ^ t^l j^l ^ 

.ORU^fj^ij cC 

(j-ljSVl Oy L« jt c^t iLLJl ^l^SlI U> (j'ljiSlI jt ii~>- toLLjJl frljar) s-^V t) (»^>^J t/'j*^' fl-i^i-l j&i 

(juts' j^ji 4iL>b JjLJI jjjcJI (J lui lij ^Ai* ,Njl LJb 4jI~j- ^ 

x = (A + B)-C 

liji Li AND ^~L* il)' ^ e-^' ls^ *-^^ J 'AND 2uL* Li j^jiJi ju <b_prjil OR 4~L* *^i <•■% ^ 

(ju L« uLj- "iljl ^Jj ii~>- .ijwijill tju U OR 4-L»> -^J^J J* ^" (J '— r~J' J .OR ^rL>^- /^ Jpl 
(*^ e/"'j^' Lr* f-U-^' •**! J <■ B j A Cv. OR ^L>-*- (^ ' B jj«^JJ Sjaill ^r-^-xJl M-*-* - *L^"i it-~* 'Oyj^' 

■ C J ju»_jiil iju U. AND *^Li^- <r ( C JJSCUJU SJa'Al ^r-^xJl ^L»£- fljSrJ ,,.tj tlprjl^ oLLudl S.lj9rJ 

(Logic Circuit) 5-Skii SyiaJi - 5 

'Uajg^il obi «Jl Jajjj ("jiJ j ji^JL ojj^r A I ■Uaiaill oLL*j<ll j£cj o->- t^UaJaK SjJlJu 5)?;< j>j<j ^£i A^ u^"- 

t _ 5 ikdl jj^dl ^ -s .Ldl ^jjL^% obi^Jl oUj ^Lj fji" ^1 

x=A+BC 
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A 
B 

C 



x = (A + B)-C 



-O- 






(Logic Diagram) ^kl\ Jak*il - 6 

iiUi^llj tl£L«~~« « ryLl oljjxia • l£L«~~« j S-Jijadl oylJJJ Is- Jul oljjil* ?W»JJ Ja— ~« nyp'< ■S- »jLp «j& 

.lpU»_j ^jIp JlJJl SjjUJI *-»l Jl 
; Jbil (JM.I -W^db U^iji ^. «%4 1 juJkil uvV ,Jtil ^ '"^ 




4jrL^ jjXJ ^ UJJlP (iJJj j cjkj™Jl ^ f- yf iUaiil ilyajaxil S^jIjJJ JjJuS' ZUSJaJj c^l,k,ksj,l »lJe>*^lj j»jij j 
lg-*a*J ^» ilajj^il SjjiivaJl jjljjJl ,v - 5 - 1 * (V *Jj^il aJiixil jJljjJl (J Lo-S' .'J.S.jaill sylJiii 4J>-Ijjl L^UxL! 

. 4 ; a,k;ll UM,k,k->tjr, s^oi^ul yl «Jjl (iJjj A~-«-Sj j*jiJ 1 -^ ? ~ ' L / 2J< ~' 

(Truth Table) ^'j-^ 1 Jj-^ - 7 
x=A+BC 

^ L^l i3 UjJlP jiCjBjAi^ J^-'Jl Oljjii* . JjjJrl J oJu^pMI JJlP j ^yu^]\ JJlP JuJoO IJlJ 
\$y>S- 7r\z>rsi sJ^P^I ^S- Ul .^"Ij^Jl JjJl^t (^iji-^) jja^l jJlP j> j t 2 = 8 J-* J^-^l oNUi=~l JJlP 
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J.I r-l^ US' ,r- jjLl CjIjjjco» j Is^JlJl oljycd. a-U^-l 4j<jjl (Ji /T^ l£i ; Jt jJ» Jj^Ij ^"j^ Jl*~* -^^* J '<Ji* 



A 


B 


c 


B 


c 


BC 


x=A+BC 











1 


1 


1 


1 








1 


1 














1 








1 











1 


1 














1 








1 


1 


1 


1 


1 





1 


1 








1 


1 


1 








1 





1 


1 


1 


1 











1 



flh;ll ji-jcdj ^_jI waJl J J-J^r A&U J 



x = (A + B)-C 



y 



A 


B 


c 


B 


c 


A + B 


x = (A + B)C 











1 


1 


1 


1 








1 


1 





1 








1 








1 











1 


1 














1 








1 


1 


1 


1 


1 





1 


1 





1 





1 


1 








1 


1 


1 


1 


1 


1 








1 









y = ABC + AS 




16 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



t_jlj^2jl Jj-W 



A 


B 


c 


A 


B 


ABC 


AB 


ABC + AB 


x = ABC + AB 











1 


1 











1 








1 


1 


1 


1 





1 








1 





1 








1 


1 








1 


1 


1 








1 


1 





1 











1 











1 


1 





1 





1 











1 


1 


1 




















1 


1 


1 


1 

















1 



4, ; ,a,k,dl SjJlJlJl 



A 
B 

C 



P°- 



P^ 



D°- 



x = ABC + AB 



•A ^„jX 



x = A(S + C) -1 
y = AB(A + C) -2 



z=A5+CD -3 



(Boolean Algebra Theorems) jUjJi ^Jri objiai - 8 
Jj-^^JJ j .(Dual Theorem) U SjiL* jl aLLL. Sjja jLJjJl _^M obja ^ (Theorem) \)& j£J 

1 _j L^f JlJUU.1 • 
—> 1 yjt J (JUL-. I • 

OR ^L>j<j AND 2uL* t^l JlJi^u-i • 
AND U^j<j OR <uL* <^T JIJljuvI • 
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iltfil SjjkJl 


SjjkJi 


SjjlaJl p*>\ 


A = A 


A = A 


^*3\jt)l j*6^ 


A0 = 
A1 = A 


A + l = l 

A + = A 


j 1 aa oLL^Jl 


A-A = A 


A + A = A 


4^*uLj *_* fi***' 


A-A = 


A + A = l 


4^-O^-P A>« !>*^«' 


AS = S- A 


A+S=S+A 


aJIJu^I 2uJaJl 


(A-fi)C = A-CB-C) 


(A + S) + C = A + (S + C) 


^ot-j^^t^J 1 4j Jijjl 


A + S-C = (A + S)-(A + C) 


A(B + C) = AB + AC 


4-ouj jX)l Aj^JiJl 


A-(A + fi) = A 
A{A + B) = AB 


A + AB = A 
A+AB=A+B 


^Vl jf ^u^-yi 


AB=A+B 


A+B=AB 


(De Morgan) d\j-jy ^j 



liJJj j cLgjbj (J ii^lJJl <L5jaiil obljJl iXt- J-JiJ l£i t<u2jadl SjJlJlJl W,,„ ,^J y& a,k;ll j>odl W,,,. ,^J -^ i_JJLil 

.cuLjj-UjI L>- « LgJU- SjU-J « Ijla- <ui«Ml .-■ ; -": W ; ....:'l "uIap ,JIp <_->j-tyl ijjj^u 



:jii» 



a,k;ll jjocJl kyJ J3 ^Li^Jl jJr\ objjai ?J^ 



y = ABC + AB 



.oJjlj j -k~™Jl Li 4-iUdl oyljJl ,»-^jl / 



j = ASC + AS 

y = (A + B + C)-(A+S) 
y = (A + B + C)-(A + B) 
y = A + (B + C)B 
y=A+CB 
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•■^y 



y = ABC+AB 
y = A(BC + B) 



y = A-(C + B) 

y=A+CB 

y=A+CB 






iJij^Jl Ji SjJlJlJl 



A 
C 






£~ 



•o 



J 



•t> — y 



:Jij~-ji jl«j oyijji 




A — 
B 

C 

S,k;ll jj-jcJI J2.,« ; i Jj jjUjJl jJrl ob^kj fJlsVi^l 

y = A(A + 5) + C + C5 



j = A(A + S) + C + CB 
j = AS + C + CS 
j = AS + C + fi 
j = AS + S + C 
j = S + C 
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B 



C 



£~ 



■>■ 



B 



>- 



^^ 



.k^Jl JJ S^JlJiJl 



_k™Jl -Uj syljJl 



y = ABC + ABC + ABC + ABC 

^^jJl Lj-^ju *,« ikjjii ijJLJ-l y 4^_^ <y> LS zkl'i j^cS\ jj5o Sjj-^Ji cl& J j .(Sum of minterms) 

J^-Ui olj^ £~^- 4J _,$!& yu^Sll jJ-I j .(minterm) J^i\ jJ-Ij L^ o?- JT lS ^~j j .OR oLLju 

JT j jliii jjJb- l«* jULsd.1 j|jj-l j .ijjj-l Ck. L* oULidl j* d^>*J olj>jdl ^ p yll !Jus> -k~~J 

ABC JjSll jJ-i 8">lpf jfcjdl J t"^ -(j-^ ^J-^ j^^' t3 J Uj5^« U*Ji^l J j^Ji jls-Ij jji^ Ulp s.^ 

jj-l J j UjSU. J jS/l jj-l j _^Jij <^JJ| C jjicd.1 IOp *,-A JT j jUJ-l jix> cu^ <. ABC cJ^il jJ-l <uAi 

IJlp *^A JT J jlio d^s- « ABC ajIJI j ABC kiJliil o^-aJ-I *jLi^ UiJaJl ^-i^ j lLr £p jjJu jLiil 



v = ABC + ABC + ABC + ABC 

HH HH HH hh 

I ) I i 



.jjcn y jjSl j jjSL jl jj£ ^ j Jaii Jo-lj j^i^. (J jjSy (1)1 v^ (J^r^L-i^il (JjJLJ-I £%> L> lJ'^-^ jl Ja^V 
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j = ABC + ABC + ABC + ABC 

y = AB(C + C) + BC{A + A) ^L^» &*" ^ $ *J^ > Ul £}j*\i 

y = ABQ) + BCQ) *~^ £■ j^ 1 £^ 

y=AB+BC 1 ^ oLi^Jb 

j50 j i ABC liJlsil JJ~\ *~i>i ABC ^liil JJ-I ol ^^ ojjJ-l oy JU=I 4jUj ij^rj jjLJi Jltil J Ja^M 



:Juw 



a,k;ll jjjcJI k ; .,^J Jj gjUjJl jjJrl ob^jiJ f-Asf 



j = A5C + A5C + ABC + ABC + ABC 






j = ABC + ABC + ABC + ABC + ABC 

i J i ; 






j = ABC + ABC + ABC + ABC + ABC 

y = ABC + ABC + ABC + ABC + ABC + ABC J j* -^ j 1 ^ 

y = AB + AC + AB ^-^ o^ ^f £*^ 

y = AB + AB + AC -^\^\ hj^il 

y = B + AC o^L^ 1 ji^ e^ 
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j = ABC + ABC + ABC + ABC 



y = ABC + ABC + ABC + ABC 

L ^ J L ^ J L ^ J L ^ J 

V ^ ) 



y = ABC + ABC + ABC + ABC 



y=BC+AB ^L^Oi-^J 5 '^ 

j = (BC) ■ (AB) ^jr if* hjbn 

y = (B + C)-(A + B) b\s-jy^\jan 











r 




^ 




r^n 




r^ 


v = 


= ASC + ASC + ABC 






S^ 


S^ 






I 


; 



y = ASC + ASC + ASC 



y = ABC + ABC + ABC + ABC dJlsil .U-l jlj&i 

y = BC + AB j^^» c^- y e^ 

y = B(C + A) ^J^ J-* 1 ^ ^ 

j = S + (C + A) jLp jr ^4i>, 

j = S + C A <^jr ^ ^->^ 
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15 <-j yii 


iJUl 4,»)?;ll olj^-jcJl /-a LS' Ja,.«." (J (jUjJl jJrl C- 


L» JaJ ^»Jj>tuX^I 


A 


= jc + xyz + xyz + xw + xw + xy 


-l 


5 = 


- (x + y + xy)(x + y)xy 


-2 


C = 


- {x + y + x y)(xy + xz + yz) 


-3 



j <LJijalil oIjjjcJI AjLS' 4-i-S' lu-Uu j toLLuJl dilj S-'y-b ?j£S /%Jl obl_«Jl j 4jili^J.I 4 ; fl,k;ll oLLuJl .JU^ 



3Jb)i 3a#-jJi jp AJL~«» Si 

j«IJj^~"Lj L»J 4«Lu5JaJ.I SjJIjJI jbj b»b>-j t^LaJaiil oIjjjcJI Jjdj )a~**x& 4«LmbJj ijj^ai\ ^ SjJIjJJ "LiaJaJj olj>ocJl 

.(NOR jf NAND) obljJl ^ j^Ij ^y f u^b jl t 0R j AND j NOT 0^1 V^Vl obl^Jl 



S^J' 



Ju" 



A 


B 


c 


x = ABC 




















1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 


1 
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:2 



,0j 



A 


B 


c 


D 


x=A+B+C+D 


























1 










1 













1 


1 







1 













1 





1 







1 


1 










1 


1 


1 

























1 









1 












1 


1 






1 












1 





1 






1 


1 









1 


1 


1 





!3 i -j j-Aj 



A 


B 


A 


B 


AB 


AB 


AB + AB 




A®B 








1 


1 





1 


1 


1 





1 


1 

















1 








1 














1 


1 








1 





1 


1 



:4 L-j,j; 



^kll JaJaAil 



A 
C 
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>\ J+Oj\ J J-^r 



B 

c 



A 


B 


c 


B 


B + C 


A(B + C) 


x = A(B + C) 











1 


1 





1 








1 


1 


1 





1 





1 














1 





1 


1 





1 





1 


1 








1 


1 


1 





1 





1 


1 


1 


1 





1 


1 














1 


1 


1 


1 





1 


1 






£~ 



iJikdl SjJljJl 



-{> 



Lf ikdl JajaAll " 2 



A 
C 



>\j^aj\ J jjjr 



A 


B 


c 


A 


c 


AB 


A + C 


j = AB(A + C) 











1 


1 





1 











1 


1 

















1 





1 


1 


1 


1 


1 





1 


1 


1 





1 








1 











1 





1 





1 





1 











1 





1 


1 








1 





1 





1 


1 


1 











1 
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iJikdl SjJljJl 



A 
B 

C 



P- 



•O- 



Lf ikdl Jaja^J.1 " 3 



A 
C 



>\j^aj\ J jjjr 



A 


B 


c 


D 


B 


D 


AB 


CD 


AB + CD 


y= AB+CD 














1 


1 











1 











1 


1 














1 








1 





1 


1 





1 


1 











1 


1 


1 














1 





1 











1 











1 





1 





1 

















1 





1 


1 








1 





1 


1 








1 


1 


1 

















1 













1 


1 


1 





1 













1 


1 





1 





1 










1 





1 


1 


1 


1 


1 










1 


1 


1 





1 





1 







1 











1 











1 




1 





1 

















1 




1 


1 








1 





1 


1 







1 


1 


1 

















1 
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A = x+y 

5 = 

C = xy + xyz 



:5 



-l 

-2 
-3 



,OJ 



Fredrick J. Hill & Gerald R. Peterson, "Introduction to Switching Theory & Logical 
Design", Third Edition, John Wiley & Sons, 1981 
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Logic Circuit Design *Jkl\ J\jJl\ »-*~ p j BalUll 5.x?- jj I 

■^ 

oJi^jJl i_>l-Ul 
4.ak;ll SjJljJl oli-^>lj^ -b -b£ . 1 
A x i\->:[\ olj>ocJl ijliS' .2 

(Sum of minterms) isj^ jjoJ-I ^_^ »jj-^ 1-2 

(Product of Maxterms) cS>^l jjJlJ-I vi^* °jj-^ 2- 2 

AND-OR-Invert ; Jr ^ 3- 2 

OR-AND-Invert lj^> 4- 2 

jU^Jl jJrl oL> fU*l-lj 1- 3 

(Karnaugh Maps) yj& olkks- (>Ubw*»lj 2- 3 

2uajaJ.I iyljJl sib .4 

(OR, AND, NOT) V^l oU^Jl f u^l 1- 4 
(NOR, NAND) oUjJl ^ j^Ij ^jj f u^b 2- 4 

.■Lajadl yljjjl »~»*dj jJp 3ji*T .5 

oU-^lj^ OjO^ ^ Waal J^iiJL; p-^dl oljk^ £^£ jv^j cu^ .(Logic Circuit Design) vJadl yljJJI 

4^L* VI obl_^Jl *lJl>«i^b Ul tL^-^s<aj v /%J| ^5,k;ll syljjl j.bj IjoM j 'jJjLS' oUaja^ *lJb*i~»Li j\ J,UjJl 

«Ii,Sfi <y i-u, So»-jJl ^ j .NOR j\ NAND oljIjJl ^ Jb-ij ^ f u^l jf OR j AND j NOT 

^*jb Lj^JjCj jl i £ /yl ^w>L*Vl sjLjil jy*5 4 ; a,k;ll yl «Jul .jo .,,-?" « ,LaL^»jJ /yl . ; n .,^"'1 <LJL^p L^s jjJaJ /yl 
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I.J-S- Ijili jjS-J jl ,J<-Uj a-ls-Jl a-Lfc <u»lj.5 -l»j t j^jlJjl iSjij^ 
,4^»Lil ijj^ajl jL~»-l « iiksJJ j«^iilj 4 ; »/?;ll oIj^jCjI 4jLiS • 
.obl^Jl y Ji^lj f-^ j«IJij^~-Ij jl o">\iil i^L^I o>bl_jJl j»lJjt^L 4-iUdl SjjljJl s.Lj • 

3-flkdl Sjjljjl C>\Jup\y> JoJS- - 1 

(Logic Diagram) ^jA^ _kk£ - 1 
(Truth Table) ^~>\y*> Jj-^r - 2 

.slol li i_j|j^aJl Jj-l^r j a,k;ll k,k^Jj ^>jil 4.a)-?;ll S^jl-VJ! ,»-«k-^> 



>aJl ^ 



A 
C 



£>' 



(Logic Diagram) 
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A 


B 


c 


X 


y 











1 


l 








1 


1 


l 





1 








l 





1 


1 


1 





1 











1 


1 





1 





1 


1 


1 











1 


1 


1 


1 






(Truth Table) 

SJikdt Oljodl i»bT - 2 

a 4j &LU1I r- .iM a-J ^r*^ j>^*-^ ls* 2 "*^ £■■•£ tr y*-l olj^JCOa /** j>*I^ ^J^J ^ a)-?:* j>^*J 4jLo -^ o JaiM ojjb <J$ 

!^ft g,W;U j>odJ 4jLui£ j v-^ 4-*jj^ ^^jj 

(Sum of minterms) c5>-^' jj.iJ-1 £__>-£ »jj-^ . 1 

(Product of Maxterms) L£j&i\ j jjJ-l »-> _}j-a« »jj-^ . 2 

AND-OR-Invert lj^> .3 

OR-AND-Invert ^ .4 
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(Sum of minterms) c£j*-^' SjJ^-\ ^j^4 ~&jj^> 1-2 

o>LLj«j |Jaj<Jl L^-vixj ** tbjjy J^-^l cjlj>jco« *^ <uj J g,bv _b~ -^p SjLp _y (minterm) y<-^Ml jJ-I 

(_£ jL-o i^ji-*2jl .5 «-bM /^ J-lP -l^rjJ , { j*S*S- jj-b jl LjjSvjt* yi^^l jj-l (J tjyw ji*~* j-fr^i -^ J tAND 

1 ^» jviiLl 4^-S c-JlS' lit Ul tL-jXjw jju^VI jJ-l (J jjisi.1 liiii j^Jij ,-» jjjcdl 3^J cJlS' lili c^ja^Jl dlSi 

i^yu^Jl Jj-lJ-l *-^- t=->jj cSJJl t(J,Liil J jJlJt-I (j ?<-«2y> jJ* \^S . <r>^- OjJb y<-^>Nl -jJ-1 ij jjisll tiiii jg.b; 

.C j B j A J^j oljjicu 4J">d 



A 


B 


c 


Minterm 












1 


ABC 
ABC 





1 





ABC 



1 


1 




1 




ABC 
ABC 


1 





1 


ABC 


1 


1 





ABC 


1 


1 


1 


ABC 



ij jjjcd.! liJlli /*JS (_}J jJiJ (_^jju/2jl J «JbM f- 3^5^ 4 j w; (J r ji-\ oljj>iL« •_• ^jyt* jjiii. ,. »h;U j>oCjl 4jLoO 

-kjy <_£l tl$j<^j£ »jij J 1'S Si s-ii "tijUil (^yu^iil Jjjj-I i^-b )»jJL> i- el's Si cf- ii*5xJ j <_;lj^2jl Jj-^*- 

.OR oLL>j<j L^Uj 
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:Jis» 



,tSj>^>\ Jj-iJ-l ?y>£ ijj^ j JlJl ^\j^]\ Jj-br j y j x r>J-l i£j*& Crz&^ jjji^J' Lj-jS'I 



A 


B 


c 


X 


y 











1 


l 








1 


1 


l 





1 








l 





1 


1 


1 





1 











l 


1 





1 





l 


1 


1 











1 


1 


1 


1 






y* 



x = ABC + ABC + ABC + ABC 



y = ABC + ABC + ABC + ABC + ABC 



J^jJl JU^V Jai» 1 c£jL-J Jw?Sl\ jj-l jl CU^ j (.OR oLLju UUsjj J ^Ij^jJI Jj-br J Jaii l's U 

1 t^jL™^ <Li'L jjodl jU JUL j <.l (^jL™^ JU^^I dilli JjUil yu^Sfl JJ-1 jLs ^-SjaAl j>odl J l's 

Jj-br Jj <d LLflil 1 il jj^ bJ >-i, a,k;ll _^uxl!l (J 5^-^iil i£ju£ls\ JjjJ-l ^» Jj- IS" jl (£1 . UiajT 

<Sjuai\ Jjjj-I ^ U jls ^jikJ.! j>jcJI j O's U iLliil J^jJl o^U^I -b-l J<Hj*J JU* l»f . ^Ij-^Jl 

aLo^Lj S}?;ll jjjcJI jU (JUL; j U 4j_jL-^ L»^ jjS^U* b 1 IjjL~« Jj^s! ,jJ 5,1-? ; 1 1 jjocJl J3 4X».,ji\.\ 

.0 c^jL-~* 
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# 


A 


B 


c 


Minterm 














ABC 


m 


1 








1 


ABC 


m l 


2 





1 





ABC 


m 2 


3 





1 


1 


ABC 


m 3 


4 


1 








ABC 


m 4 


5 


1 





1 


ABC 


m 5 


6 


1 


1 





ABC 


m 6 


7 


1 


1 


1 


ABC 


m 7 



jjj~\ jyj fl. 



jU (.i j. /}"'•£■ ijy&j (JjLvJI Jliil (J y j x ?: x~\ iS_fi^ ui^ > y > '-" uija"^^ 4jIo Cr^- i ~? s ' J 



x = m Q +m l +m 3 + m 1 



y = m Q + m [ +m 2 + m 4 + m 5 



x = £ra (0,1,3,7) 
j = £m (0,1,2,4,5) 



x = ABC + ABC + ABC + ABC 



m Q + m, + W3 + 7W 7 



= £m (0,1,3,7) 



j = ABC+A5C+A5C+A5C+AfiC 



m + m l + m 2 + m 4 + m 5 



= J> (0,1,2,4,5) 
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V (£»- (.(minterms) c£>*aJi jj-^UJ y)i (small letter) jji-^Ji m lJ^J-I ^|jbw*il SWy v*' ^* -k>-V 



(capital letter) _^Jl M <->>-l 



Lit cu^ (.(Maxterms) l£j^ 5jJlJ-I uy j IfUj _kl^ o-^4 



t5j*~a!l ijJL^-l p ja£ Sjj-* J jn*zU A.ik-J.1 SjJljJi 2- 2 
A 5 



C 






_j 
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,y» AS-y^: LjJj ti^yuaJl JjjJ-l Ss~\ XSy \^jt IS' 4^_£^ lAND obi 



J j L^« Is i«-^ i AND o->b ! oj /^ ~$s-y±A -j* oS<£ Ojjl-Ul jl Ji>-'y 
Ijjjcu -U—l -y «il (_jjju/iil j «-bM *^-- l$^« Li ^>-#-* OR ^-^Ijj 

.AND-OR Structure 



<U«.uO 



(Product of Maxterms) cSj^ 1 ij^i-i vjj-iw Sjj^> 
tOR cjLLu<j u axJ\ Lfv2j<j *-« *^jjy J^-^' <^->lj;jcu *^ 4J j^Ji; j^ /jf- ijLe- j> (Maxterm) j>TMl jJ-I 

,v_-i|j^2jl Jj-bl- j)-?.*! -j^ j )-?.■> LS" JjlJU j flJ I -b>- ijL* jj>J £-~^-. H—j\y^i\ Jj-^- jl?'»l J-U^ t^l ij>--l!l 
lili tja^jl dili j J-^ 1 OljiiZ« *J Jl J^3 ^i\y^>\ Jj-U- Ja^l ^y Jw JzuJ JjUil j^S/l jJ-l jL^N 

diii j^Jij 1 ^a jjjcd.1 4^J oJlS' lil Ul <. {J ~&s- jjJu jjS'Vl jJ-l J? jjjcil.1 liiii jg,b: j> jjci\ X^i cullS" 



A 


B 


c 


Maxterm 











A + B + C 








1 


A + B + C 





1 





A + B + C 





1 


1 


A + B + C 


1 








A + B + C 


1 





1 


A + B + C 


1 


1 





A + B + C 


1 


1 


1 


A + B + C 



<J\ tdlii lJ^U- 1 c£jl~-J j «_;lj*aJl Jj-br j <J JjUil J^jJl JU^N -k&s c5jL~J j^ -b~ (^f jl Ja^V 
-kjy cS' 'Uj-s^j fjli j O'S ll aJbl illiil tij^xll Jj-bU i^-b j«jij V tO's il j^ tjU^J j ^jlj^aJl JjJ^r 

.AND oLLju L^o 
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A 


B 


c 


X 


y 











1 


i 








1 


1 


l 





1 








l 





1 


1 


1 





1 











1 


1 





1 





1 


1 


1 











1 


1 


1 


1 






y* 



x = (A + B + C)(A + B + C)(A + B + C)(A + B + C) 
y = (A + B + C)(A + B + C)(A + B + C) 



U sLliil (_^_jjSol jjJbU jW^Lj Li«i -^ LiJi '•i-s 5 "** -^ J jLJl ^ o^Lj^-I isjjj<j Jup <_jljviil iij-^r l5 ^>w=jil 

J^Jill JU^V -ki» y>jl~J j^Vl JJ-I L)f O^ J (.AND oLLju UUUjj j ^Ij^jJI JjJi^r J Jaii O's 

yJjW- 4l*5"t j^cS\ jl> JUL j iO yjjL-~- JU^Nl dii-U JjUII jjTty JL^-t jU LS Ikil jj^dl J O's 

Jj-br j <d JjUil Si jj4^ Li! j^-ij jJjajil >jU1 J iWil.1 t5j>S3l jjjJ-l ^ J>- JS" jl (^1 .Uajl 

iU^all tij>xjl JjjJ-l ^ IjI jli jjijadl j>J<Jl J l's Li iLUil J^-Jl oVUi^l Jl^I Jeuyo &&■ Ul .<_jl_j^a!l 

. 1 (_£jL~-~« aJLS'L »,k;ll jjjcJI jli JUL j 1 U 4j jL~« bu^- jjSvi^ Jj bjL~« Jj^s /J ^i,k;ll jj-jcJI (J 
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t^O "U^iil; IjlJialJ i.jIwuI J j-k>r jis~"l (i-r^J i--i C^jP^' JjJbM <_j jj*z* sjj-^ (j5 ^JyaiU olj>ocjl 4jL5 A-^— cj 
JUl Jj-Url ^>j^ y> US' .ujU^I Jj-l^r y jt jk~ii Jjliil j^H\ -UUJ Mj >«jJl flJbW**l j 



# 


A 


B 


c 


Maxterm 














A+B + C 


M Q 


1 








1 


A + B + C 


M x 


2 





1 





A + B + C 


M 2 


3 





1 


1 


A + B + C 


M 3 


4 


1 








A+B + C 


M 4 


5 


1 





1 


A+B + C 


M 5 


6 


1 


1 





A + B + C 


M 6 


7 


1 


1 


1 


A+B + C 


M 7 



3 «JuM j v«j ^lJi>ta*l; tSj.,^^ «jj-^2j jjjL~Jl J la. I (3 V } X ?: x~\ (S_fi^ Cxx^ 2 ^ ilMJ 1 ^*^' * J .'^ Cr^"- ^r* J 

x = M 2 -M 4 -M 5 -M 6 
y = M 3 -M 6 -M 7 

x = H^(2,4,5,6) 
y = J"plf(3,6,7) 

4jjU-I <_jIj^i1I Jj-l^r jja—l flijl (Si) t^jj>Jl jjjJ-l j«lijl j I I ^ r >j J ^A\ y>j ASs^x^ii \j»a££- j\ i<_Sj^~' 

jjUJl Jliil (J 4jli <u1p jU j .(*J fii*^\ ajUS' -i e£iJl jycuJJ "UJiJl ^Le- 

x = (A + fl + C)(A + fl + C)(A + fl + C)(A + fl + C) 

= M 2 -M 4 -M 5 -M 
= Y[M{2A,5,<S) 



y = (A + B + C)(A + B + C)(A + B + C) 
= M 3 -M 6 -M 7 
= p[M(3,6,7) 



10 
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cSj^l ijO^-l uJjj^w «jj~* J jz*zU SjSkdl SjJlaJl 
ABC 




o 



D- 



O 



yljjjl j^ JSv^Jl IJiA ^ip jljaj j -TTj^-' ^'jJ*^ -J**-' -UjJ (_gj>So! JjjJ-l o^i l$i< IT 4^^ AND oLjIjj 

.OR- AND Structure «-—; 



11 
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AND-OR-Invert 3jj^ 3-2 

tLSL LS ZkA.\ j^i\ jt V) (Sum of minterms) iSj*^ jjJJ-I ^_r^ »jj-^ >^ -*>- J) v^" «j_j-/aJi a-i* 

-kjy t^I iL$**j£ j»jij j O'S Si eJJ> 3JbUil (Jjx+ai\ ijjJ~\ Ji^l pjij <r tfj's Si j* CU^^J j ^j\j^ai\ Jj-br 

ijj*& (3 ',"'11 jifx-il *jLx>j fji Liil c£i .iLsl t^jUI /j SJa^il j^*Jl jjmXju j»«i 'ji^l j 'OR oLLuu L^-j 
.AND-OR- Invert ~o Jr ^ j JUi v'j^l Jj- 1 ^ j y j x g-^l-l t£j^ J^ 2 -^ 1 oij^' s- 35 '' 



A 


B 


c 


X 


y 











1 


l 








1 


1 


l 





1 








l 





1 


1 


1 





1 











1 


1 





1 





1 


1 


1 











1 


1 


1 


1 






y*-« 



x = ABC + ABC + ABC + ABC 
x = ABC + ABC + ABC + ABC 



y = ABC + ABC + ABC 



y = ABC + ABC + ABC 



l Jr ^ j 4jj^il a^ajadl olj>odl Js- (DeMorgan's Theorem) d\j-jy> gs \J& j^j L*i lil *iT -k^ 
ijjj-l vj^^ ijj-^ j JJ ^y L^jbS^j Lui /Jl ^ijail olj>jdl ^-ii JLp J^- Uli AND-OR-Invert 

. (Product of Maxterms) l5^i 



12 
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AND-OR-Invert «jj~* J j-*& UiaA\ *y^ 

Js- ^J- AND-OR-Invert ~o jy ^ j oy. y£l\ «}Uf ^ j>^cdJ ^ikdl syi aJl ^ ^ lui lij 

ABC 




_J 



■> 



i> 



v-» AS-y^: L^Jj t^ jk+a}\ JjJbM Jl>-1 -VjJ Lj^« IS <U^-« lAND oliljj /y AS-j^A sy> jS^j sylJUl Dl Ji^-V 
4 ; flh;ll L f~J Ijjjl /-« \f-y*£ £ tr-yM oljj*X« Jl>-I ^"jSsjw -VJjJ (Sj*'&>\ JjJuM *j$- L^ li "U-^« OR ^^ >! 

.AND-OR-Invert Structure '^-^ 



13 
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OR-AND-Invert Sjj^ 4-2 

^ikdi j±jc\\ jl VJ (Product of Maxterms) ^j^ 1 j_jjJ-I ^jj-i^ »jj^ j^ j>- J} -u^ 1 »jj-^J' «-i* 

Jajjj l£> tUj-si (>jiJ j l's ll aJLt 3JbUil tSj£i\ JjjJ-l i^-U fjlj ^ tl's ll ^ CU^J j <_;lj*a!l Jj-^ j 

a j «> (j jg^Jadl j>J<Jl 4jlOy j»«ij LJl (^1 .4JL0 b tcjUJI a/?;ll j>oCjl ( r-S<jt; pjjjj Ijo 1 ! J cAND oLLuu L^-j 

. OR-AND-Invert Sjj^ j JUl ^ij^tll Jj-v=t j y j x ^J-\ lSj^- CdJ^^ oij^ 1 s- 35 '' 



A 


B 


c 


X 


y 











1 


1 








1 


1 


1 





1 








1 





1 


1 


1 





1 











1 


1 





1 





1 


1 


1 











1 


1 


1 


1 






y*-« 



x = (A + B + C)-(A + B + C)-(A + B + C)(A + B + C) 



x = (A + B + C)-(A + B + C)-(A + B + C)-(A + B + C) 



y = (A + B + C)-(A + B + C)-(A + B + C)-(A + B + C)-(A + B + C) 
y = (A + B + C)-(A + B + C)-(A + B + C)-(A + B + C)-(A + B + C) 

l Jr ^ j 4jj^il a^ajadl olj>odl JIp (DeMorgan's Theorem) d\j-jy> gs \]a> jj^. L*i tij *iT J^N 
jjjj-l ^_^ aj_^ j Ji ^y l^jbSv Lui ^Jl vJadl oljjjdl ^-ii JLp J-<2^ Lili OR-AND-Invert 

. (Sum of minterms) i^>*aJi 



14 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



OR-AND-Invert ijj^ J ju*di UbA\ SjiUJl 
^ J^. OR-AND-Invert »jj-^ j ijy j^ 1 a ^ o=Lfc*^ ^j*^' »J\jS\ ^y. lui lij 

A B C 




o 



£~ 



o 



:^3 



=3 > y 



/y» iS-y^A L^Jj C(^JpOl 3 jJjM Jl>-I -VjjJ LgJL* l5 4^£* tOR OlltJ ,>« <U-J^Jt /-• jjS-Jj e^JlJUl jl jk>-^ 

u»5 \yo\ /y» \£-y±£: f ir _pM olj>>C0« J^-l ^jSow JLJ jil (_g jOOl JjjJ-l <u^ Lj^a IS <U^« AND Obi «J 
■^ iSLiJl iJjk ^1p (jljaj j -fTj^' olj>>c^ Jls-I -iJjJ AND CjUI_jj t5JL»-l r-^s 1 ,r>^- ^4^* }S *-*&> 3-aJaJ.I 

.OR-AND-Invert Structure Wj 5 ^ 1 



15 
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dJikdl OljuasU i~*>\A\ Sjj^Jl jU^-l 

Ujjl lil W i(Sum of minterms) <_s>^Jl jj.aJ-1 ^j-*-£ »jj-^ j^- AND-OR Structure JSo. J Syb 
j .(Product of Maxterms) cSjjSOl jjjJ-i ^jj-^ '"jy^ P^- ^ OR- AND Structure J£a j Syb 

.OR-AND-Invert j AND-OR-Invert J,jj^ J* jM *.-£jl ^ 



:i ^jjju- 






A 


B 


X 


y 








1 








1 





l 


1 





1 


l 


1 


1 


1 






AND-OR-Invert - 3 
OR-AND-Invert - 4 



:2 so* " 



>jy*e (J ^ J V J X K J*-\ ^jj*^ ^Sjf?ul olj>jCul S--^ ' i_i^' V^'j-^' Jj-^ - £"* 



A 


B 


c 


X 


y 


z 











1 


i 


1 








1 


1 











1 





1 


1 


1 





1 


1 





1 


1 


1 








1 


1 





1 





1 


1 








1 


1 








1 


1 


1 


1 


1 





1 






AND-OR-Invert - 3 
OR-AND-Invert - 4 
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SJikdl Oljjjdl Ja.j..>J - 3 

Stuajalll CjIjjjcJI >»^ -■ ;" ,*£> j . LjiiiSo Aiij (J,L)lj J t L^j li; (J a^Jj 1 !^™!! 4. a)-? ill obl^Jl jJlp AJij l£i t4.a)-?;ll 

(Boolean Algebra Theorems) jUjJl _^M obja ^ u^i-Li . 1 
(Karnaugh Maps) yj& oLkks- ^Ua^Ij .2 

jUjJl jJrl Objki alOsxa«ib k-..jl 1- 3 
t5j*~o!l ijji-l PyJ* Sjj** ljl£» 

x = ABC + ABC + ABC + ABC 



y = ABC + ABC + ABC + ABC + ABC 

x = A£^ + A££ + ABC + ABC 

\ ) X. I 

x=ABC+ABC+ABC+ABC 
x=AB+BC 
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( ^ 

y = ABC + ABC + ABC + ABC + ABC 

I ) i ; 



y = ABC + ABC + ABC + ABC + ABC 



y = ABC + ABC + ABC + ABC + ABC + ABC 
y=AB+AC+AB 

I J 

y=B+AC 

,jg\ J-^o Vjl# JjLJI JUll -Uoi (jUjJl ^Jrl oUbf) SJliil sJ^^ll Jl f-_j>-jil ^jl-^l t_5jjj^ iibSU. j 

t5j>S0l ijJ^-1 t_J _Jj«iW *JJ«* ij^ 4 



x = (A + B + C)(A + B + C)(A + B + C)(A + B + C) 
y = (A + B + C)(A + B + C)(A + B + C) 

( ^ 



y* 



x = (A + fi + C)(A + S + C)(A + S + C)(A + fi + C) 

V v ' ( v ' 

V J 



x = (A + B + C)(A + B + C)(A + B + C)(A + B + C) 
x = (B + C)(A + B) 
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f ^ 



_ _ C _ "* C — _ — ^ 
y = (A + B + C)(A + B + C)(A + B + C) 



V 



y v~ 

\ J 



y = (A + B + C)(A + B + C)(A + B + C)(A + B + C) 
y = (B + C)(A + B) 

JUlT £jJ^» J^UT B £\j^\>. diii & J^\ -k™Jl ^_£s„ y j^di j^a\.\ { JkA\ ji^dl j 4jl _k^ 

y = (B + C)(A + B) 
y=B+CA 

AND-OR-Invert 3jj^ :JU* 
AND-OR-Invert »j^ j O^j^ 1 Jfe^ 1 Oi?*W o=Lfc*^ -1*~~j" j jLJjJi >4l obji; ^Osti^l 



x = ABC + A5C + A5C + ABC 



y = ABC + ABC + ABC 



y* 



rS_ __ _ r^n 
x = ASC + ABC + ABC + ABC 

\ I 



x=ABC+ABC+ABC+ABC 



x=BC+AB 
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r 






y = ABC + ABC + ABC 

I ) 



y = ABC + ABC + ABC 



y = BC + AB 

J ■ y J x uij^ £r* J^ j-^sxil j^i ^ (DeMorgan's Theorem) jlpjj» c£j Sjja; j^laJ LuSCc. 

a,k;ll jj-jcJI Sjjv jjJu J,} l5^Jj *jV JJJi ,y« l£h A~to\ l Ur I £ /jSJ 

OR-AND-Invert Sj^ :Jli. 
OR-AND-Invert »j_^ j O^j^ 1 Cr^^ CdJ^^ o=Lfe*^ J»~~j" j jLJj-Ji jjJrl olji; ^Osti^l 



x = (A + S + C)-(A + B + C)-(A + B + C)-(A + B + C) 

y = (A + B + C)-(A + B + C)-(A + B + C)-(A + B + C)-(A + B + C) 



x = (A + B + C)-(A+B + C)-(A + B + C)-(A + B + C) 

\ ; v ' v ; ^ > 



x = (A + B + C)-(A + B + C)-(A + B + C)-(A + B + C) 



x = (A + B)(B + C) 



^ 
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r 

A 


, * N 




( \ 




y = (A + B + C)-(A + B + C) 

K J v. ; 


(A + B + C) 


(A + B + C) -(A + B + C) 


Y Y 
I ) 


i ; 


y = (A + B + C)- (A + B + C) 


(A + B + C) 


(A + B + C) -(A + B + C) 


y = (A + B)(A + C)(A + B) 
V J 




y = B(A + C) 





jtj&d\ J^ (DeMorgan's Theorem) jl^jy ^j \Ja> jjaj ^A ijjy^ J& lSj^ *y ^ ■& $ 

j Jail ^_j_jL"MI \;^~3 i j tiouail O^U-1 a-i* Jil 7=iv2J ii~^ !Jl» W, ; ,.,.^Jl <_jjJLJ jj_daj V dli-ii .JjjJ-l 

j j .(Quine-McCluskey Method) <^LJSC«- jjjS' U.> Ji* < (Tabular Method) *JjjJrl U>>; 
J aJjjJrl <ijJa ijajcj ^ji; jJ j ,i_>j»*U-l j 1$^^ j (Algorithm) Vjj'j^ J^ J ^^ *Jj4~h j^. 





:3 c-j jJj- 


. 1 (wUj^J Jj L^jliXi C~«i /%Jl 5 , a ,1-? ; 1 1 Cj\j^jc\\ V> 


-J J ^UjJl jJrl olijjaj j»Jj^U*l 













:4 s-ij>« 


■ 2 S-iJ*^ 


J l$ib£j 


i^U«i /Jl *La]adl 


O) ri^Jl By -*^J 


j jUjJl >M 


objjaj ^-l^i^U*! 
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(Karnaugh Maps) ji jiT oliaki alOAa^b k.., l .. - Ji 2- 3 

jjj^rjil oUjLdl js- js^cli i£jA ijuja js- ijLe- y> tljUa^-i K-Map jf (.(Karnaugh Map) yj& -Wa^ 

ijy L. oULiJl i_iLi^5'l 5j^p J^-~J y> W^^J.1 ^Ij^^I ^ lJjlAI j t(Truth Table) ^Ij^Jl Jj- 1 ^ J 



# 


A B 


X 




1 

2 
3 




1 

1 
1 1 


1 




1 



ilwlll J jjjr 



B \ « 

o 



1 






2 




i 


1 

3 



^jLT Lajgy 



jJlp l5jL-~j k"^-l «-^a J- 1 ^- j ti-U^-l j i_JjjL^ J^ 1 tj V/ (Cells) Ij*>^-! ^ J-ls- ^ jJjLS' V>W^- jjSo 



.(Maxterms) cs^^SCJ! jjjJ-l jf (minterms) c£>*aJi jj.aJ-1 *JjJ J L^-^^~i 
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jycd! (,51 t(MSB) LLJl SJliLl (J A»l_jJl jjiiilj uV-^ »•*-•-£ V J i Sjjj^aj! J^- lg-»-S .*-iai» L»=-JlSI oljjii:. IJLJ 

'1 L«| j L«l ' j^r 1 *-^ <v «-i*-lj Jb'-y jl ry^c. *i«j LjT A ji*i!>l j .sJu*Vl .J-s- *J iL^I p-ill A^ta i A 

jjSii }j»jt}\ \j,y&- qa *Js± jr o\ ij\ . jiiii j_^«jji ^^Lp i 4^iii j (jL-Ji J.") jjSn jj^*ji ^^Lp o 4^>-iji «^ui 

L»1 . 1 4jjL~« Lg_^i A jjjcdl ^J jjXJ ^jLill jj^jJl Ij"^- ,v *LjL=*- JS' j cO 4jjL~« L^J A jj*i!>l **-» jjX? 

■^ ij^- IS' j tO 4jjL~» I4J S jjjcd.! 4^J jjX? JjVl i_i-^Jl b"^>- y 3j>- IS' jl l5? . j,Liil ou^Jl ^Lp 

. 1 4j jL~« L^i S j>*x!>l ■t«»j» j_jSj jjlill owaJl bM^ 



MSB- 



"Si 



B 








1 









1 







Jj^jJl j JjSlI L_i-^Jl j *J<iljJl *JiU i^L" ii*j9- (JjL»T Jl ^f <y JjVl Jj^jJIj b^l *Jjj" fjuJ .c^jLxJl 

tLaJ JjL^I Jl ^1 ^ jlill jj^xJl J jvJyJl Jv^jJ f ■ 1 j^jJ' LjLL»T 4*iljJl UiLl i^fc j tO »3jl JjSlI 

jl _k^ .3 fijJl LgJU^-f SuSI^Jl 2LULI Ji^l- j <.2 *SJ\ jliil Jj-jJi j JjSlI ou^il j lUSIjJl 2uli-l i^t i-^ 

J A = ll)V *Sj Ja^Jl Jjli" *Sj U=LU i^lj^lil Jj-V^r j L^ij J^: (^JJl jk~J\ JjUJ U^ JT 

Ji^-b! ,U£* j ... cU-^lTj g = l j A = oSl 1 ^j >Ji J^li- 1 (Pj 2UUL1 j iL^iT J s = o 

.«Jl^pS!I JIp *jwi j (MSB) LUl V\£-\ J *iljJl jjicdb Lib IJlJ jl 



5 






2 


1 


3 
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\ A 

B \ o i 
o 

1 



J X 7T j>-\ j!*3J> x^o jl PjZj 



\jpA j 



1 






2 




i 


1 

3 



j^odl 4jbf Jn* UjS/ 4^jU O'S JIp SjjU-I L^l iijfl j yj\^ Jojait J JaB l's -J I j^" L. SaU oMbU 



S^w" 



1 




2 


1 


1 

3 



x = /(A,B) = £m(0,3) 

j lB j A J^aJi l£>^ j (function) aJb ^ SjLp y> x ^J-\ j^ d)f ^ x = f(A,B) *jJr! j 

c/ 4 / <-)jj' j>*-^ ^9^ < ^^~- c*—- , l waJl J J"^" (3 ^jj-^ <*-^j lJ*°^ ^JiAji ^ J jj^j L« L^-ul c-'ljyCL* j*-*? y 
1 4^Ul JIp a^U-l oUUJ-l jl J^ Jjui £ m (0,3) fjJrl U .(MSB) Lixil fcUM j jiljJl jjisil y> (jUJl 

.3 j oliUU (j* jijlT Jak^ j 
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# 


A 


B 


c 


X 


y 














1 


i 


1 








1 


1 


i 


2 





1 








i 


3 





1 


1 


1 





4 


1 











i 


5 


1 





1 





i 


6 


1 


1 











7 


1 


1 


1 


1 






x = /(A,5,C) = £ra (0,1,3,7) 
j = /(A,S,C) = £m (0,1,2,4,5) 






x Afi 
c \ oo 



01 



11 



10 
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v AS 



C \ oo 01 ii io 








2 


6 


4 


1 


3 


7 


5 



X AB 
C\ oo oi n io 

o 

X 



1 




2 


6 


4 


1 

1 


1 

3 


1 

7 


5 



X AS 
C\ oo oi ii io 





1 




1 

2 


6 


1 

4 


1 

1 


3 


7 


1 

5 



,r-jiM oljjii* /y" j&&* i y^> /^aJ&A jJjLS k,k-><d r- li£ LjLs JL>-t « r-j* 1 J**--* /r* j-"5' • i _? ?: "J 3JV>- (J <Ul -li?-'^ 
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.C-H jOCU 4jtJ jj aj j 



,V *,ir Jajait 



.O'jOCl* 4jtj j 



(J yj& Uy?'< JjJ (J,W1 t^lwaJl J jJi>- L^>o py&*# 



# 


A 


B 


c 


D 


X 




















1 











1 





2 








1 





1 


3 








1 


1 


1 


4 





1 











5 





1 





1 





6 





1 


1 








7 





1 


1 


1 





8 













1 


9 










1 





10 







1 





1 


11 







1 


1 





12 




1 








1 


13 




1 





1 





14 




1 


1 








15 




1 


1 


1 






x = f(A,B,C,D) = £m (2,3,8,10,12) 

oJ^s-\ 4jtjjl 5 i— 5 yup ***jj1 ir^~" <-^ *V r* 'M-* 1 16 /r 4 ^>y^i ol^yCL* ajujx yj\$ r>W**- 
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^AB 
CD^^ 00 01 n 10 



00 










01 










11 










10 











^ AS 



C£>^^ oo oi ii 10 



00 















4 


12 


8 


01 












1 


5 


13 


9 


11 












3 


7 


15 


11 


10 












2 


6 


14 


10 



4^»Lil Lj^jLl (j l's ll <*••<* J J -JaJas*«il Lfl£ (J^ fj^~' J**"* (*■""' (**^J^ (*J^ L#' L ' 



^AB 
CD^\ 00 01 n 10 



00 






1 


1 







4 


12 


8 


01 












1 


5 


13 


9 


11 


1 










3 


7 


15 


11 


10 


1 






1 




2 


6 


14 


10 
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">lt4 . jl.,^"-*-*^! ( j3^ f ij L$j<^~- ilr "- ^^-™* Jj-J*- lj* 




1 




1 

2 


1 


3 






C\ oo oi ii io 





1 




2 


6 


4 


1 

1 


1 

3 


1 

7 


5 



C£T\ oo 01 n 10 

00 



01 



11 



10 






4 


1 

12 


1 

8 


1 


5 


13 


9 


1 

3 


1 

7 


15 


11 


1 

2 


6 


14 


10 



.7 
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bj.A>- SjjUcu U"^ (J 4j«iljJl jjjj-l ,J*Jr Lux-* j-* o^Ijjjcl^ ixjjV jJjLf -kksi Jj jjij^-"^ Ov*-^' J Cf-J**''^ 
J j L-jS^jw Lc*Ji^l J j^Jij jl>-Ij jjJcu IJlp (.^i JT J JULico DLb- U* ^Licd.1 ^jjjj-l jl ^Jj .iiLicu 



U^l jjl4 Jj^l Ju^ll j U^ JT jli dil-iS' j tji^Vl Jj^Jl j jijil j Li Sjildl 2ubLl jjU- Jj^l jj^Jl 



C x. oo 01 11 10 

o 



1 




2 


6 


1 

4 


1 

1 


1 

3 


7 


5 



.4 JJ-I j 1 JJ-I <y J^ V~! JJ-I j (.3 JJ-I V s * 1 Jj-I a">Uf 7=->jil olj^ 2u*te! jJjLT Jak^ J 
CD^^ 0° 01 u 10 



00 






1 


1 







4 


12 


8 


01 












1 


5 


13 


9 


11 


1 










3 


7 


15 


11 


10 


1 






1 




2 


6 


14 


10 



y Jjf <u^o 10 jJ-| j (3 -jJ-l V~! 2 -lJ-1 j i 12 JJ-I <u~i 8 -jJ-l a">U-l 7ws_jil oljjjcu 4j<jjV jJjLS' JajaS j 

.2 jJ-I j8 aJ-i 
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jJjlS" oliaia£ J OlPj^il jjj& 
Si ols- »^>rl sJL* 5 t<L4Li^il j «JbM /-« ols- »^>Jt /jj«So j»«ij jjjO oljaja^ j»l-L= : ci^lj "r"" jw-il ";■■• :"' 

<U£-U Jl 4^-a^j^l fl C-k>-l a £?&* }<,<?"'■£■ 5 J^-4Lida lJ^"^~ lJ^ l)^30j 4^jUJjl 4^-a^k^l ,^)U ftl iUPUj al ^^ *3^J 
4j*}\j i.|^?V^- a 4J&LJ1CU i a-l>- ^^ /r* *3w3 oLaJj! 4£- y*£\ Lai C^ r^U y£2&- a 4J&LJ1CU i a-l>- 4*J jl ^ya jaSd 

UiS' j t4^j^^- j -b~ ^1 JI^-jJ Jj^ J' Lu^» .j^Si jLa^-^I jlT jS~\ is-js*jk\ oJlS' US' 4jl ^1 .oljjiia 

^ .J^it JJJi d\f j$\ \*yJi\ diL" cJlT 



fi\ 1 








1 


1 









2 


1 








1 


3 



.2)0 ,jj-^' /)-* SjJLsj ~*s-y*£ /j jSo Luj o^Pi ?xv> A I /^jjjjcd. *ijo nyi'4- ,J5 



C\ oo oi n 10 







1 




2 


6 


4 




1 




1 


1 




5 




1 




3 


7 





jjjScJ 7-bi V Ljt VJ OULii 3 j 1 jji-jJ-l jt £jt ~j-Js\ Jls- 4jt Ji^V .7 j 3 j^-jJ-l jy LSj^t 4jbj \s-y*£ 



N AB 
U\ 00 01 11 10 







'1 






n 




1 




4 




2 




6 






ll 


ij 






5 




1 


3 




7 





L>o Jj 2 jJ-l jl Ji^V ,3JLj is-y^A j 4-pIjj <Pj^si ^jjjSo lui «"}W Tt-^jil olj^c^ 4J">lii yjS U\->'< ,j 

,y>-~\ As* -y JS\ *J> 4jLli (CJJl jj-l jljSj jisUj IJL* J CA-^-b^Jl AS-y>£\ J "USUiil *&■ y*£:\ {j* JS~ JJj^J (j 
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.AS 

££)^\ 00 01 11 1° 









4 










00 







1 


1 








12 


8 




01 


1 


5 


13 


9 


11 




1 

3 


7 


15 


11 








6 








10 




1 




1 




2 




14 




10 



.2 JJ-I j^^Ju 8 JJ-I £• V^ *^_r-^ J 10 JJ-I £?■ bJlSCl J jlS' 4jT Uajf Jas-V . 10 J 

oi>-bi ipj^il J^b ^^ <£*-» Oj>j (^JJl jjiii.1 L»l tojL^2^>-l «jo J,} 1 jV J' 1 cli ,v ^Pj**^l J^'- 5 
L^ixj *^ olj^jcd.1 «.!* -kjj j***J jf il (J ol" 4-i*-^ c~io lij jjmXp DjJu j t0 ij oil 4 -^ s i^uSo loj L« «5sjw 

.(l^^4 ^f) OR oLL^ 



:Jis» 



a,k ; 1 1 j>oCJl .'••;" (3 9J^ Cjyeyajf- j»-b>sj 



x = f(A,B) = Y,m (0,2) 



5 






0/ 1 



S 









1 


1 







; 


i 


1 


3 
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A jjisi.1 l)1 JijrJ ^j^j^I J^-ti oljycdl *-jl] jjiJ jj-l 4jbxJ . Jaai Ji^-lj Ji>- -^-jj liiiJii a-b~lj ic-j^Jr bjJii 

x = B 



:Jis» 



tj^SUAl -jjjj^cjl Wj.oJ Jj yj^ cJ\ma£- *S&£ 



x = /(A,5,C) = £m (0,1,3,7) 
y = /(A,5,C) = £m (0,1,2,4,5) 

.AS 
C\ oo 01 u i° 



AS 








1 








6 


4 








2 


X 






1 
















1 


1 




1 


5 








1 




3 


7 





X AS 

c % . °° oi 







1 



B 



/^ 



10 



1 



BC 



AC 



^Ip Lagui OR oLLj<j oU-j^s>^dJ SLUil a^,.^?;.sJ.I jjJbM -^jjJ j*jaJ 'jf 1 ' ■ -BC j-* ie-j^sl sJiA ik^' 

*= AS+SC 
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j A /jjjjjcd.1 yS~ hs-\jj\ \s-yJ^\ J5 .iJbj Af-y^g; j AjS-Ijj as-j^A bj-Ui j jy^>-U yj£ _kk>J. i™jJb L»l 
OR oLLuij oU-j^s>-<dJ SLUil ijAO&tM ijJJ~\ JajjJ fji Ijo 1 ! . AC j-* if-j^Srl aJJ> LjLaI.1 ^.^?;.sJ.I jJ-I 

y=fi+AC 



:Jis» 



a,k'll j>J<Jl b 4 .«." (J jjjli C->l|?,kg- >J 



x = /(A, fi, C, D) = £m (1,2,3,5,7,8,10,12) 



=J^ 



^A5 

CD^^ 00 01 11 10 



00 








4 




1 


1 













12 


J 






01 




'1 

1 


r 

5 


13 


9 




11 




a 


U 


15 


11 








3 


7 




10 


1 




6 






1 








2 




14 




10 





x=AD+ACD+BCD 
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:Jis» 



x = f(A,B,C,D) = £m (1,4,5,6,9,12,13,14) 



AS 



CD^\ 




00 


101 


11 1 


10 




00 





I 


J 


8 




4 


12 
















01 




1 


1 


1 


1 








1 


5 


13 




) 


n 


3 


7 


15 


11 












10 




2 


I'. 


',) 


10 



x=CD+BD 



:j^ 



x = f(A,B,C,D) = £m (0,2,5,7,8,10,13,15) 

y* 



AS 



CD 







01 11 1 



00 



01 



11 



10, 




12 



13 



14 





X 



x=BD+BD 
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:Jis» 



a,b;ll j>oCjI Ja-~~j (j yJS c^Uajasi >J 

x = f(A, B, C, D) = £m (0,1,2,3,4,5,6,7) 



y*-« 



^45 
rn X oo 01 li lo 













12 


8 


00 




1 




1 


4 


01 




1 

1 


1 


5 


13 


9 


11 




1 

3 


1 


7 


15 


11 


10 




1 


1 

J 




14 


10 






2 




6 



x = A 



x = /(A, S, C, D) = £m (0,2,4,6,8,10,12,14) 

y* 



CD^ ^I oo oi ii io 



00 



01 



11 



10 



1 



1 



1 



12 



13 



15 



14 



1 



10 



X 



x = D 



36 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



:Jis» 



a,b;ll j>oCjI Ja-~~j (j yJS c^Uajasi >J 

x = f(A,B,C,D) = £m (0,2,3,4,5,7,8,9,13,15) 



y*-« 



^45 
rn X oo 01 11 lo 

oo 



01 



li 



10 



f 

1 


1 


12 




1 

8 





4 


1 




'1 

5 


r 

13 




1 

9 


1 

3 




a 


U 


11 




7 


15 


1 

2 


6 


14 


10 



x = BD + ACD + ABC + ABC 



x= f{A,B,C,D) = Y j m (1,5,6,7,11,12,13,15) 

y* 



rp ^ oo oi li lo 

oo 



01 



li 



10 






4 




1 

12 


8 




1 


1 




1 ! 

1 ' 


9 




1 


I 5 


13! 


3 




1 




1 


1 




7 


15 


11 




2 




1 

6 


14 


10 



X 



x = ABC + ACD + ABC + ACD 
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,_pb V /«Jl j i^Jaidl -kjLb 4^t4=jil t2utLjJl ipj^l Cf-r^ ^^ <$ ?" jf>^' Jj^~J' J^' l5 J-$~Jl ^ ^' -^-"^ 



:Jis» 



a,b;ll j>jCjI ia~™j (J yj& OUaja^ j*- 1 

x = /(A, B,C,D) = £m (0,1,3,6,9,1 1,12,13,15) 



^AB 
CD^\ oo oi n 10 

oo 



01 



10 



1 



o 



1 



© 



1 



12 



1 



13 



15 



14 



1 



yj 



10 



y* 



x = ABCD + A5C + A5C + AD + 5D 

v-» JJ^ Jj tajajij.1 [»^~-^J (i—i t4jw ULjcjI L^v cj j ioIjuiX* 4i^ j i™^- y J^ r>y>'< (J b^>-i jj^ jpJ IjJaJ 

.oljjii* *j<jjV yj^ oUaJa^ 
.olj^CU 



. <ul>- 16 ,v ^-"-fr*-* -Jaja^ Is joSo cc^lj>>ti« 4j<jjV yj^ JsJ^ Jj I ■$.»...., .JiJ -i "Lis 1 - 32 ,v> Jajasxil j «5o 
Ji-Vl owdl Ji£ jlill Jaja^il j c(l5 Jl <y ijJLJ-l) ^V=Jl Jj-^r ^ ^1 OU^Jl Jif JjSlI Jaja^il 

(31 Jl 16 <y JjJbLl) vMl Jj- 1 ^ o* 
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BC 



A = 



£)£^\ 00 01 II 10 

00 



01 



11 



10 
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12 
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13 
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3 
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15 


11 


2 


6 


14 


10 



BC 



A = \ 



DE^^ oo oi ii 10 



00 












16 


20 


28 


24 


01 












17 


21 


29 


25 


11 












19 


23 


31 


27 


10 












18 


22 


30 


26 



jj^j tfjij .26 UiJ-| jj^ 10 lii-l j .21 U=Ll jjU 5 M^-l _j ;16 UsLl jjbi M^-l *Ai* <(A = 1) 
x = f(A,B,C,D) = £m (0,1,2,3,7,9,15,16,17,18,19,23,24,25,28,31) 



SC 



A = 



01 



11 



10 



1 







1 



BC 



£)£^\ 00 01 11 10 

00 



12 



1 



13 9 



15 11 



14 10 



DE 



A = \ 



00 01 11 10 



00 



■or 



~TT 



10 



16 



17 



19 



20 



21 



IT 



22 



:s 



29 



31 



30 



24 



25 



27 



26 



X 



x=BC+ CDE + CDE + ABDE 
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'Ij^jCU 






A = 



A = \ 



5 = 



5 = 1 



vCD 










.CD 
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00 


01 


11 
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00 
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00 
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01 
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jjU 
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10 




















2 


6 


14 


10 




34 


38 


46 


42 






, 
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^CD 




JJ( l4 






.CD 




jjU 






£F^\ 


00 


01 1 


11 


10 


00 


00 


01 1 


\ 11 


10 


00 




















16 


20 


28 


24 


01 


48 


52 


60 


56 


01 




















17 


21 


29 


25 


jjU 


49 


53 


61 


57 


n 










n 












19 


23 


31 


27 


10 


51 


55 


63 


59 


10 




















18 


22 


30 


26 




50 


54 


62 


58 



L.^1 j '53 U-U j 5 5-ULi jjbi 37 =UiU j <53 U4-I _j 5 5JUL1 ^ yf ^ 21 aJLi-l 3 37 U4-I j 21 

,01 fc*^* 



40 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



<jLj<Ji 4^Ul ^ j .._;_«- U-b 4jL>c^Vl j <.JJ ^ L$J Uj-iT /Jl (Tabular Methods) aJj-bM J^K^-i^J 






Jj*-j JJ*~* L5^ tif-j^rl J^'- 5 OljjilLl /r^i (J.J jji^ 4~*-* 4£-j^s4 LLiil j^t^J.1 jj-l 4jl^ls .<^j>^J! JjjJ-l 

j£j JjUil j«£&1\ jJ-l AjbT Juu .OR oLLju jJ-I (j U-< oljjJcdl -kjj ~i jc tO J lit? l)^ lil ^-^ 

.AND OIL*. \jw ijjj~\ dil? Jajj *5j if-j^^ 



x = /(A,S,C) = n^(2,4,5,6) 
j = /(A,S,C) = n^(3,6,7) 

.AS 
C %^ oo 01 n 10 






















4 




2 


6 




1 


3 


7 






5 



x Afi 
C\ oo oi n 10 








2 






6 


4 


1 












5 




3 


7 



:Jis» 



(juijodl /*>j^jc!I Vty.Ji Jj yj^ oyajajt »Jjt 



U*-' 
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x = (B + C)(A + B) 
y = (A + B)(B + C) 



:Jis» 



x = f(A,B,C,D) = Y[M(0,lA,5,l 1,15) 



^AB 

fnX ^ oo 01 11 lo 

oo 



01 



li 



10 









12 









0^ 




8 


U 


oj 




13 


9 


i 


< 




3 


7 
















15 


1 


i 


2 


6 


14 


10 



x = (A + C)(A + C + D) 

a,b;ll j>oCjI Ja-~~j (j yJS c^Uajasi >J 

x = /(A,B,C,D) = p[M(0,l,3,6,9,l 1,12,13,15) 



:Jis» 



y-« 



.as 
r?p^ ^ oo oi ii lo 

oo 



01 



10 







o 







® 







12 







13 



15 



14 







10 



X 



x = (A + B + C + D)(A + B + C)(A + B + C)(A + D)(B + D) 
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OR-AND-Invert j AND-OR-Invert j,jj^ J ijblA olju*dJ jijlT oUaki 

j^*Jl j c^^^saIi ijjJ-l f j^- *jj-^ l) j^" o^ *jW^ y 1 AND-OR-Invert sjj-s^ J r^ 1 j^ c^j^^ 
.t^j>xJl ijjJ-l ^j^r^ Sjj^ j j***; jp ojLp y> OR-AND-Invert Sj^ j (T^ 1 j^ <j*j^*i c^ 2 ^ 1 

AND-OR-Invert ( f ) 
OR-AND-Invert (^) 



# 


A 


B 


c 


X 


y 














1 


i 


1 








1 


1 


l 


2 





1 








l 


3 





1 


1 


1 





4 


1 











l 


5 


1 





1 





l 


6 


1 


1 











7 


1 


1 


1 


1 






x = /(A,5,C) = £m (2,4,5,6) 
y = /(A,5,C) = £m (3,6,7) 



AND-OR-Invert i 



JT** 



(0 



.AS 

C\ 00 01 11 10 










1 


\ 

1 






1 

4 




2 


6 




1 


3 


7 




1 

5 



x Afi 
C\ oo oi n 10 








2 




1 

6 


4 


1 




1 




1 


5 




3 


7 
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x=BC+AB 



x=BC+AB 



y = AB + BC 



y = AB + BC 



OR-AND-Invert i JT * (^) 



x = f(A,B,C) = Y[M (0,1,3,1) 
y = f(A,B,C) = l\M (0,1,2,4,5) 

^AB 
C\ oo oi n 10 












2 


6 


4 









f 









5 




1 




3 


7 





AB 















6 






4 









2 




__0 


i 


3 


7 




0__ 

5 



x = (A + B)(B + C) 



y = B(A + C) 



y = B(A + C) 
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(Incompletely Specified Functions) J»lS3w "^ js- JiyJi 

IDOLS' lil U fjl*-* jj£ l5' tsiJw 1 j>£ \>-^ 0"ilLkS>-l ,ii«J iLliil TTjiM (*-» J_j^J 4,a)-?;ll jJljJlil ,ji*J (j 

o04^ j j ^ij^sJi Jj-i^r j U j^y.j <.(Don't Cares) 5aa£l j^ *9*ll _ j ^^—j" j «.0 jt 1 hjL~» 

eJl* ^y. (^1 jj^i» J^-C ^ t^i taijlj jj£ v->ljvaJl JjJl^t j Li SjbUil J^-Ul O^U^I jl .2 



<L5jaiil oIj^jCjI (J ; t jJjLS olK"^ (j • t«_;l will J jlJ^r (j oJ-L^I j<P *->A« j _W* ~*JuJh txjJ>jJ Jj Li j i 



# 


A 


B 


c 


y 

















1 








1 


l 


2 





1 





l 


3 





1 


1 





4 


1 








1 


5 


1 





1 


X 


6 


1 


1 








7 


1 


1 


1 


X 



y = f(A,B,C) = J> (l,2,4) + £rf (5,7) 
y = f(A,B,C) = ]JM (0,3,6) ■ \[d (5,7) 

.AB 

C\ oo oi n 10 








1 

2 


6 


1 

4 


1 

1 


3 


X 

7 


X 

5 



C\ oo oi n 10 










2 




6 


4 


i 
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X 

7 


X 

5 
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# 


B 3 


B 2 


*1 


So 


y 
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1 


1 
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1 
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1 


6 





1 


1 





1 


7 





1 


1 


1 
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1 


1 


10 







1 





X 


11 







1 


1 


X 


12 




1 








X 


13 




1 





1 


X 


14 




1 


1 





X 


15 




1 


1 


1 


X 



i£jt*d\ JjjJ-l 9y*£; IjyP \ \ ) 



= /(B 3 ,B 2 ,B 1 ,B ) = £m(l,2,5,6,9) + £d (10,11,12,13,14,15) 
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3 2 

o J?\ 00 01 11 10 



00 






X 
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13 
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15 


11 




■ 






-\ 


10 
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1 


X 


X 






2 


6 


14 


10 



y = B l B + B l B 



tJJjpOl JjJjM <_>jj^i« ijj*& V'-r-'/ 



y = f{B^B 2 ,B v B ) = f[M(0,3,4,7,8) • f[ rf d * 1 U2,13,14,15) 



S 3 S 2 



s,s 







00 
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11 
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00 
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12 
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11 
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X 
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15 
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i 


10 
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6 


X 

14 


X 

10 



y = (B l + B )(B l +B ) 
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:5 vejjcr 


■ 1 S-iJ*^ 


J Ig^bSy 


0-0-2 


/Jl Ukil 


c^lj>ocjl 


u 


.vud ^J 


^ir 


olkk^- *.JbM-l 





16 t-«0«tf 


.2 c-jjiAJ (J L^jI^Xj c~»i ~Ji\ 4.3la;ll cjIji-jcJI U 


J j jjjli' olkk^ ^JiAi-l 



:7 <~tj*> 



!<u!lx!l iJijadl o>Ij>jcJI /^ J5 W, ; ,. yj ,j yjS" oUajaig j»J 

x = /(A 3 ,4,A,A)) = J> (0,1,2,3,4,5,8,10,12) 

j = /(L^L^L^L,) = £m (1,3,4,5,6,7,8,9,11,13,14,15) 

Z = f(D,C,B, A) = £m (0,1,7,8,9,10,15) 



:8 vo- 



x = /(A 3 ,A 2 , A, A, ) = ]^[M (6,7,9,1 1,13,14,15) 

j = /(L 3 ,L 2 ,L 1 ,L ) = f[M(0,2,10,12) 

z = /(A C, S, A) = Y\M (2,3,4,5,6,1 1,12,13,14) 



:9 s-ij^ 



j = /(S 4 ,S 3 ,S 2 ,S 1 ,S ) = f[M(3,4,5,7,12,13,18,19,20,21,22,23,26,28,29,30) 



:io so^" 



Ij^JUl ^_ ; fl|h;U /^jjj^cjl /^ IS k ; ..^J ,3 yJS oUaJaS- fJ 

x = /(A 3 ,A 2 , A„ A,) = £m (0,7,13,15) + £ d (2,6,8,9,10,1 1,14) 
y = f{B„B 2 ,B v B Q ) = Y[M (1,3,4,5,12) • f] d (2,6,8,9,10,11,14) 
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j^lj ^y f-Ubw-lj ^ jl W j t (NOT j OR j AND) cWAiil V^-Vl obJjJl ^jla^Ij ^ jl W U *bJl 

.(NOR jf NAND 1.1 ) oU^Jl ^ J«i 

d*^ill VL-Vl obl^Jl ^iAa-ib «.Ul 1- 4 

4jjixil olj>j<Jli ,4,flk;ll oIjlocJI 14 C-^T /»J| ijj-^Jl ^Xf- XoSaj a^:[\ sylJlll jSLi jli Li /_* ^jS'^ L.kS' 

l Jr ^ J ijj^il olju>c!l Uf cAND-OR Structure JSCi J S^Jb L^p ^xy i^ywaJl jj.aJ-1 ^j^-£ «jj-^ J 

.OR- AND Structure JS^i j SjJb L$j* g^J i^&l jjjJ-l ^j^-^ 



^j^Jsxil jiji^JL; iiiJ.1 Ukil SjJUJl t b j (NOT j OR j AND) o^I V-L-^ 1 obljJl j»J^u-l 

x=AB+BC 
y=B+AC 



•^ 



B C 




x 



49 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



i y, J *2&A.\ jij^l *hA\ yjadi ij\Ai\ t b j (NOT j OR j AND) o^i vL-S/i obljJl fJbw-l 

x = (B + C)(A+B) 
y = (B + C)(A + B) 



B C 






D^ 



X 



±. 



D^ 



SylaJl fbp. L. <bU 4jLs IC jl (Integrated Circuit) iUlSo. a^Jb JSLi j a,,,5)?,dl SylaJl ^y-^j *% Ujup 

_)T NAND obljj jjSj jl L>l bj& 4^>Jij^J.I obljJl j .obljJl j^ -kis Jis~l_j 9y *lJij^^lj J^lS^lj Suijadl 

.NOR obljj 

NAND oUjj r lo^^b fbJl 
f <.AND-OR Structure J* Jj-^UJ isj<^a]\ sj-xJ-I ^_r-£ »jj-^ j aj.j^L* vJadi oij^odl jjSc jl l^ 
; JUlT NAND o^ ^ J.l£)b 4^ Syb Jl AND-OR Structure -Jl J^ dJUi -u> ^ 
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Jl^Ij J^j <JJo oli NAND h\j^> LS i^ ^-SV JT JlJuu-l ^ 




^> 




JldlT NAND olijj Jl OR obljj £. AND obi^ J,^ ^ 




43- 




41 




j 'OR *j!jj J^^ i3 iSy*^ *y j AND *o)y> r- y- J? °y 'lA~j^ uyy i^* 2 ^ ^r^-^ ^4^-^ ^'j^k ?y& ^-~^~ 

(JmX* f ^1 OR *jI^ J-l-i-J if . A = A lJ Si jiisll 4^J ^ j^ M tp_L*J 1<S ijjjlJlzu> e>yy ^ S j a il l ,_pXi«Jl 

l)I t^f tNAND U^ yl^j" J^Jdi ^-^ ^c-™-* OR v^ DSl <.NAND klj-j U. J^-iil J»\Ja\ *^- 

UjL» NAND oLi^ ^ J^lSOb 4^ SjJb J! AND-OR Structure -J ^.y^i -uT ^T . A + 5 = AS 

j tNAND ollj^ AND oUjj a-^- JU~J j <.NAND oUj-j 2uiJaJ.l ^-S'IjjJi £^ JlJuu*lj ^^i 

AND-OR Structure — iL. h\y. ^1 JIjuu*Ij *i>L^ ^ ^1 tNAND oU^ OR oUIjj ^ JIjuu«I 

.J^jJi i_il>f j-u ^ Li NAND 4jIjh 

obl^ ^y J^LCilj ^-« Sjji-i Ji AND-OR Structure — il Jjj^ -^ L^rl^; jJ iji*^> iiSLi^ i]L* j 

:s_JUl syuJi j iiSCill aJu» Twii j (.NAND 
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A 
B 

C 



Jl SjJlJill Jjj^J j .AND V_jj o-* U-jl^ jj£j jl jjJ OR 3jIjj Ji »j-iL^ J^-'y C jjiii.1 d\ L» Ja>-tAJ 

L-Jljsf ^ i_ija JT j jJ*ki" j«^ 2uU* *'^^ '(^*J ^ <r^ NAND oUjj ^ J»l£Jlj i^ *J\* 

i)a> jAp s-'^k Jkil jXiil IJla jjjL" s.UJIj j»jij j tNAND «j!jj J,l L\L_po ?yu -g>- OR *jIjJ J^-^' 

<!.iUi Lpr^ (J t^ 2 -^ j-^P ^J-^ S-lj^r"^ AND 4jljJ J_prj M* ^ L* SiS^ill .AND 4jljJ 7-y 1 J5 j^ 

: JbJlT ilSLtdl sJi* J^ pjj .OR 4j!jj J^j j f c5-Ul gikdl ^-SUll 



A 
C 



A 
C 






Jf 



A 
C 



Jjaj.1 ~^*Jl !uL«* JjUj i)^;< lT^ - 4~L>^- s-'j^k fj^ Jb>-lj A^-i <—iJo oli NAND 4jIjj 4iL>b La lui 

^jS^. yy lil »Jla Jb-lj3l J^jJi ^ijJa oli NAND ijljj j^ fUii^VI £s.. j .OR «jIjj J^j j c-i /«il 
Jst c-i>- /$Jl NAND ajIjj Jj ij-iL cr"J^' '■*■* J^°k fj^ li -* > - 'OR 4j!jj Ji j/U J^Jy c£JJl jjiill 

.OR <^ 
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Jaii NAND oUjj »l-l>CU*lj JiJLJI jjj^i^J.I tji-jjglil ^jjjjcJb AjLtoJ.! ijijadl syljjl j.b-j j»i 

jc = AB + BC 
y=B+AC 

y* 

(NOT j OR j AND) ct^l vL-S/i obljJl f lJbw«.lj S^UJl *l~, Vjt ^ 
A B C 




(JA}\ jod.1 ( _ r ^P i\j-\y> fu> cj^-lll ^iljisl J-U- u ~JXi NAND oblj*J SjjIjJLj ObljJl *-^- JlJ-^xb *jij <r 

OR 4j!jj J,} Oj-iL* J>--Ij 
A B C 
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NOR oUjj f-Ubw-lj jUl 

(.OR-AND Structure ^ Jj-^JJ c5j^Jl jjjJ-l ^jj-a* «jj^ J *jj^ a^ijadl olju>dl jj£? jl l^ 

: JUlf NOR oU^ ^ J^lSOl )Lv Syii Jl OR-AND Structure _il J.y^ dJUi J*. ^ { 

Jo~\j J^j ^>> oli NOR '^)y. J^ o~£^ y JlJuu»l (mj • 



y ^> 




JUlT NOR oLIjj Jl AND oljljj <~ OR ol^ J,^ ^ 



£ 



J3- 



(«■ tAND 4jIjj J/^- 5 J t^j^-l »j-* j OR *j!jj ^"j^ - i3 ~ a y 'laJ^-~* 0y>* (.s^ 2 -*-* ^r^-^ M^-^ ^'j^k fj^ ^~^ 

J^jJl ^Sjo Hj^a AND U^p jS! <.NOR ijij^ li J^ Jl lJIJuI «^~ ^-5^ ^ /Jl AND Uy. J-l^-j 

4^ syb Jl OR-AND Structure -Jl J>j^J -of ^l . A ■ B = A + B jl J <NOR U^p ylSC" 

iJU- Jj .J^Jl i_il J»t JJlP ^^ LA NOR 4jIj^J 4jIjJ tjT JlJu^b Jal™; j»ji Lj Ls NOR Obljj ^y J/l^Jlj 

.AND ajIjj j£ cJ=~ /Jl NOR 4jIjj Ji j^Ji dlii u-jSU. Ju^b fyj AND 4jIjj Jl ;^L« j^> Jj^j 
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:Jis» 



Jaii NOR oUjj fl-tS^li tjvJbJl /jj^alsxil |jv,5}?;ll /jjjj^cJb aJLIoJ.! ijijadl sylJlJl jLj j»i 

x = (B + C)(A+B) 
y = (B + C)(A + B) 

(NOT j OR j AND) o">UIi vL-S/i obljJl f lJbw«.lj S^UJl *l~, Vjt ^ 
ABC 






ABC 






NOR oUj-j ayljJl; oUjJl *-^- JlJLl^-b j«jij f 



£> 







A" 
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:ii c-jjju- 

!*IJls*i~»Li iyljjl s.Uj «i V- talijl Li «_)lj^aJl JjJl?t J 3,)?;ll lajaafcll rc~jsj\.\ 4 ; »)-?;ll SjJljJl -^^fl 



# 


A 


A 2 


A 


A 


X 


y 




















l 


1 











1 





l 


2 








1 





X 


X 


3 








1 


1 





1 


4 





1 











1 


5 





1 





1 








6 





1 


1 





X 


X 


7 





1 


1 


1 


1 





8 













X 


X 


9 










1 


X 


X 


10 







1 





X 


X 


11 







1 


1 


X 


X 


12 




1 











1 


13 




1 





1 


1 





14 




1 


1 





X 


X 


15 




1 


1 


1 


1 






A 



Jm» NAND Ollj; ( I ) 

^ NOR oUjj (v) 



dJkdl jJljjJl *~»~flj ,Js- Ak»\ - 5 

4-bit Binary-to-Gray Code Converter 1(1) Jl&» 

.l*ii NAND obljj 



(Binary Code) 



5 



5 



5, 



5, 



? 


4-bit 
Binary 

to 

Gray 

Code 

Converter 




'3 




2 
> 




1 
» 










(JjaJj Jaja^ll 
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:J^ 



(Gray Code) 
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# 


B 3 


B 2 


B, 


B 


G 3 


G 2 


G l 


Go 





























1 











1 











1 


2 








1 











1 


1 


3 








1 


1 








1 





4 





1 













1 





5 





1 





1 







1 


1 


6 





1 


1 













1 


7 





1 


1 


1 













8 























9 










1 









1 


10 







1 









1 


1 


11 







1 


1 






1 





12 




1 













1 





13 




1 





1 







1 


1 


14 




1 


1 













1 


15 




1 


1 


1 














>\y*2j\ J J-^r 



I<LJU2iil Olj^oCjl 



G = /(S 3 ,S 2 ,S 1 ,S ) = £m (1,2,5,6,9,10,13,14) 
G, = /(B^B^B^B,) = £m (2,3,4,5,10,11,12,13) 
G 2 = /(S 3 ,S 2 ,S 1 ,S ) = £m (4,5,6,7,8,9,10,11) 
G 3 = f(B 3 ,B 2 ,B v B ) = £m (8,9,10,11,12,13,14,15) 



-kas 
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, aj yS Q j ' r i f i ' t * ~ 



B 3 B 2 



5,5, 



i"o 



00 



01 



11 



10 



fi 3 S 2 

00 01 11 10 ft B^ ^ 00 01 11 10 



1 



1 x 

12 



13 



15 



14 



10 



'1"0 



00 





4 


12 


8 
















01 




1 


1 


1 


1 








1 


5 


13 




} 


11 


3 


7 


15 


11 
















10 




1 


1 


1 


1 








2 


6 


14 


10 



G n 



B 3 B 2 



S 3 S 2 



S 1 S 



oo 



01 



11 



10 



00 01 11 10 






4 










'l 

12 


8 


1 


5 




1 

13 


1 

9 


3 


7 




1 

15 


1 

11 


2 


6 




1 


1 

J 




14 


10 



S 1 S 



G 3 



00 01 11 10 



00 



01 



11 



10 








1 

4 


12 




1 

8 


1 




1 

5 


13 




1 

9 


3 




1 

7 


15 




1 

11 


2 




1 

6 


14 




1 

10 



G, 



G o - S i S o+ S i S o 

Gj — i>2 1 "^ 2 1 
G 2 =S 3 S 2 + S 3 S 2 

g 3 = s 3 
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1 4. ; .a,k.dl syljJl 




G, 



G, 



— ^y^ 
^y~> 

=r>i 

1 1 



G, 



C, 



G, 
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(Dimensions Checker) iU#i jf^i »J\s :(2) Jli» 



. <U*jca 



jjj^ ,j ^"Uiil t3 ^2^" ^Li* ^yn j' Jj>..S.ll /^ 4JU 4L»IS' 5iJj ijtkiJl jUjI ^/-Li ji-% jl LL^- /^o-il 
15} ^^JU W ^>y«Jl DjSC j c L + ^S/l JJ-I jjUo (i j L £iVl JJ-I &■ Jii (i lil ^^ L J>Jl Jj£i 
JUl JxJJl ^p r y>lS ,W + ^H\ JbLl jjUi (i j W"" cpVl JbU ^ Ji (i 



i w + 



L L + 

■*\ k- 



W 




^ JiT W ^yJl ol^ lij jt t L jjS/I JbLl <y Jit L J>Jl a If lij y;} « JUOJb ^Ull J U=J-I jlf lil 

t^t cSjLjJl ^uii j ty-i jir iii ut .uii- i*^^- _, ^y^s j^u j** ty-i ii* ju ju « w~ ^Vi -jJ-i 

4^^>UI ^ ty-l li* Ji. jU t W + ^vfliVl JJ-I W ^yJl jjU lij jt t L + j^aJVl JJ-I L Jjkil jjU lit 

.JuljJl i.J~\ illjj j xjaiil ij^s- SjLpL 



oL»^l ^y f- jj _k~jt j .(Sensors) oL~s£ ;»l_b>tLv«lj kjijaii jjjJ-I <j-«-> iajaiJl jUjt jl {j* JlTUI ^j^j:. 

j cjjJJi ^y p UA oJji ^yu J^y *j>r t^vj^ o^ jjSo (Laser Sensor) jjJ ^-^ y> li» fJsii-j jl ^jS^. 

(Ci »Li .Us- • ,<ulf- jjJJI f- U-i i? «JL* ^1p JJu \S\iyp 'jL^i "Jy jj j f U^iJl JlJk»*lj ^ *2j JJix~~« jS-l jj^r 

JbJl jSLiJL Tt^py y> {*S~ fuU- jjJJl p U-i J&yu» l \s- 3j|jjl j J^iuJ>l 









J^y 



\jC^^> 
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L»-Up "Uajaill 4^JLll ^Joxj j <.\jy*jZ- jj^Ul f U-i Oj^j M U-Aif- 1 iJLkdl <U*JjJl ,Jaxj ,t->**l 01 iSi .0 vlkdl 

,ljaj»t5^ f- l*Jtjl jjSo 

j c L (^iVl J_jkll -Ait- <*-*^ji ^r^ 'Ov™^- f*l- ) u : ^~"V jr^ ^jjiMl JjjJ-l ^y-^ L JjiaJl DIS' lil l« iijA j 



1 1 




L yii\j JjJaJl 



L L + 




JjJL* Jjjail 



L L + 




Ju'lj Jjjall 



L L + 



^ytll -UP j3t-)}\ j W (3-5^1 ^>y<Jl -Ai£ U*-A^l A^jJ «. W ^y^i Cfr~£ ft-Asxi^V £-li£ SijjjaJl ^-i^j j 
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tf oljUVl J^~j" vik^ Syb (j» j (.(Dimensions Checker) jUjSII ,_/a>«i v'b *~«-saJ y> j^l ^$A\ 

t]yji* \^../}.->ri pZj rj>\ ijtkiJl c.oLS' lij U tw=jj t-^ -lJj^j j*jij j (W iW <■ L <■ L ) 4*jjVI ol~s?l 

•~j\Jh\ ifti Sy'ljJJ jl (^t .(reCut) ^Jaiii SaU^ £%^J 5JLL5 jl (Rejected) i^jiy jf (Accepted) 

jlijjajl JjSvj (jw- (J 1 bjL~« Jj^J A 77^"' ^ijis jU iljJL* ijtkiil Oils' lili t-CjRjA^TTj*- 
A iL)UjJa!l jjSo Oi^ (j 1 bjL~« Oj^J /? r-jll-l i-ijis jls 4^3^^ SjOaiil C-ilS' IJ} J cO ijujl—- • C J R 

■ OHJ 1 "-" R J A l£*jW Jj^J 



y*-' 



itj-^'l Jj-l^r j ',!"'" k,ksjj 



L 
L + 



Dimensions 
Checker 



A 
R 
C 



# 


w + 


w~ 


v 


L 


A 


R 


C 























1 


1 











1 


X 


X 


X 


2 
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1 


3 








1 


1 





1 





4 





1 








X 


X 


X 


5 





1 





1 


X 


X 


X 


6 





1 


1 





X 


X 


X 
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1 


1 


1 


X 


X 


X 
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1 
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1 


X 


X 


X 
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1 
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1 


1 





1 





12 




1 
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13 




1 





1 


X 


X 


X 


14 




1 


1 








1 





15 




1 


1 


1 





1 
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JiUa* Lui Ijj& «jj|jjj ^jjt*> ,pw JjJ^- *Sj 1 4jl [£. j ;i_j«ijall ay I Jul ,p^-i i— ~~ >>- 3-aJaJ.I CjIj^jCuI «jjV jL^- 

A = £m (10) + £ d (1,4,5,6,7,9,13) 

R = Y^m (3,1 1,12,14,15) + £ d (1,4,5,6,7,9,13) 

C = £/n (0,2,8) + £d (1,4,5,6,7,9,13) 



W + W~ 



L + L 



00 01 11 10 



00 



01 



11 



10 






X 

4 


12 


8 


X 

1 


X 

5 


X 

13 


X 

9 


3 


X 

7 


15 


11 


2 


X 

6 


14 


© 

10 



, ej \\S Q J l UU^ . 



W + W~ 



L + L 



00 01 11 10 



00 



01 



11 



10 













8 







'x 

4 


P 

12 
















f x 

1 




X 

5 


X 

13 


9 




1 

V 




X 


1 


1 J 




3 




7 


15 


11 






X 


1 
J 


10 




2 




6 


14 



R 



w 



w + w~ 

00 01 I 11 10 



oo 



01 



li 



10 



1 



X 



12 



13 
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A = W + WL + U 

R = W +L 

C = L W + +W~ L + 

ji u^ir j jjSii jJ-i jjU as u-^ir w ^y<Ji j l J>ji ji ^ l* <2ji£^ 01^ ^Vi jJ-i 

. 4jjXkll JjjJ-l jVW 5 U.g.j.lS' jl (d i^aS^I jj-l jjUtJO 
jl ^xj \J ijLil Ljajf JPj*& (JJiVl JlJ-l ,j«St Jj^-J jl b>l l«* J UJ^^- ti-^i j (♦■% "Uiaiil ^/^J • 

jj-l <y JiT Jjkil jl ^ l? Sjl&l Lk>w J^^kU jaSl JJ-I ^-^ Jj^j jl jt t jaty jJ-I jy Jif ^yJl 

■ 3^1 

^-^ j SjLiV L)a*» ji* J_jkii JjSH JlJ-I ^-^ jjSL jl jj* U*Vjl J^Jl^ l£-W <J (^ fJaiil "^i • 

tJtflj jl Jj-a< L.I j^i (^iVl -JJ-I jjU- Ji Jjjail jl (jgju U cUzjI ejLiV LW* j^p ^ydJ ^Sfl JLJ-t 

LW* jjp (j^jxli (JJiVl -JJ-I ^r^r j_j£j jl ^.A 3Jlill iJU-l j «JUlj J43 (-Ipty -JJ-I jjl4 Ji ^>y<Jl j 

b>l j^i (jjoVl JJ-I jjU- Ji ^yJl jl /£*> H tUsJ SjLiV LW ^p JjkLi JU^Vl JJ-1 ^-^ j ~°j^*i 

.Jilj _^i ^Vl aJ-1 jjL4 Ji JjiaJl j cJJlj jl J_j*i« 



I^USjadl OjjljJl 



W + W L + L 



"* "} "} "* 



O 



/? 
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BCD to Seven Segment Display Decoder 1(3) J^ 
aljit Li ^jikJ.1 iajasxil ^>jii BCD to Seven Segment Display Decoder SjJta ^-^> 



BCD 
Code i 



B< 
B 2 



BCD 
To 

Seven 
Segment 
Display 
Decoder 



d 



f 



f 



d 



Seven 

Segment 

Display 



j^S^cj" /Jl oljLi^l js- SjLp Lpry^- j cBCD ljki> i Jr ^ j Jif 9- flf/^l y *ij j* »jLp IJ\a}\ J^j 
y Wai (^f .Seven Segment Display — ll Js- J^ail ^1 ^y<J ^~Ji (Segments) ^i!l «s.U=i j 

s-,_j*2J M j 4j (j^UL-l J^Ull ^ijJa j 1 4^JLll if-^J UiP *,_j-^ (LED) s-j-^il ii~pb Jjp j^P SjL* **r-^' fJaall 

£&> j g j d c b a aWI j 1 a^ ill' <-*£ 3 pij\ J?j^> *>Lui .^iJaJl dili j 4*^1 £->j Ju* 
«JaiJl *^ J 1 «^2j 8 jrijJl ,_/vJ j ' g W=iJl I Up *jaiJl **£- J 1 £# (»ijJl y'y-l j ' / j e aWI J 



# 


s 3 


B 2 


B, 


B 


a 


b 


c 


d 


e 


/ 


8 
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|4 ; a,k;ll <Zj\jyjd\ 



a = £m (0,2,3,5,6,7,8,9) + £ d (10,11,12,13,14,15) 
b = Y,m (0,1,2,3,4,7,8,9) + £d (10,1 1,12,13,14,15) 
c = £m (0,1,3,4,5,6,7,8,9) + £d (10,11,12,13,14,15) 
d = £m (0,2,3,5,6,8,9) + £ d (10,11,12,13,14,15) 
e = £m (0,2,6,8) + £ d (10,1 1,12,13,14,15) 
f = Y, m (0,4,5,6,8,9) + £ J (10,11,12,13,14,15) 
# = £m (2,3,4,5,6,8,9) + £ d (10,11,12,13,14,15) 



jj-L5 -ojljJJ oljjJcd.1 4JL iJ^i • t P « C C Q ?T J*~\ C->\jjd "Libjj olj>oCjl jl 1,^'V-lj Ua j*5^-~" 

fi 3 B 2 
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01 



11 



10. 




01 11 



12 



13 



15 



14 





S 3 S 2 
R R^\ 00 01 11 10 



00 



01 



11 



10 



12 



13 



15 



14 



11 



X 



a — 63 + Sj + £> 2 "0 "t" "2 
c = Sj + B + B 2 



e — B 2 B + B x B Q 

g = B 3 + B 1 B~ l + B l B~ G + B~ 2 B l 



1 4.,.a,k.dl ayljJl 
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(j Lg-Jj. ;rbj£ 'UAjai^ SjJli t^i < ; o.i^"i sJl»- Jl «Ji* (j l&bu-bu /yl oljbjil >Jjti«J jl (_^j jj-^' (V ,r~J bl«* 
tJu'Uij c^jj; ^1 Sj^bM ijiJaJ-l yljjiJl ^ IjuT bap iJL» jl c^>- ijy^ (Digital System) ^j ^ 

■y iSf- ^Xi- iJbJl »-b~jJl ,j i_iyc^* j ."LoJjJl "UJaJjII j.Uj (J »j-^Lv« b^l-ls^l j bkjlj-i /^C -%Jl j (is-Li* 
S ; SU;ll jJljJlil | i-..o..^a.J SjjJb t3ji» ,JlP i-JyuX^ LkS' tlibal-l^cu*! j Lj^» JS ( j^sjb v a> : - ./"j-^ J ajJ&bM jSljJul liJdj 

.e>bM yijjJl dlL" fU*i**b 





OUjJ 


Jl ob>| 
■ 1 s— o-^ 


x = AB + AB + AS 


-1 




y = Afi + AB 






x = A + fi 


-2 




y = (A + B)(A + B) 







x = AS "3 



y = AB + AB 



x = (A + B)(A + B)(A + B) "4 



j = (A + S)(A + S) 
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:2 

x = ABC + ABC + ABC + ABC + ABC -1 

y = ABC + ABC + ABC + ABC + ABC + ABC 
z = ABC + ABC + ABC + ABC 

x = (A + B + C)(a + B + C)(A + B + C) -2 

y = (A + B + C)(A + B + C) 

z = (A + B + C)(A + B + C)(A + B + C)(A + B + C) 



x = ABC + ABC + ABC "3 



y = ABC + ABC 



z = ABC + ABC + ABC + ABC 



x = (A + B + C)(A + B + C)(A + B + C)(A+B + C)(A + B + C) "4 

y = (A + B + C)(A + B + C)(A + B + C)(A + B + C)(A + B + C)(A + B + C) 



z = (A + B + C)(A + B + C)(A + B + C)(A + B + C) 



.5 '3 i_~jj-Ij 
x = B + A -1 

y = AB + AB 

x = A + B -2 

y = (A + B)(A + B) 

x = AB "3 



y = AB + AB 

x = BA " 4 



y = (A + B)(A + B) 
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!6 <.A s-jj-^j 


x=B+AC 




-1 


y = C + B 






z = BC + AC + AB 






x = (A + B)(B + C) 




-2 


y = B + C 






z = (A + B)(A + C)(B + 


C) 




x = AB + BC 


-3 


y = BC 






z = AB + AC + BC 




x = B(A + C) 


-4 


y = CB 







z = (B + C)(A + C)(A + B) 



\1 



V — *— d r\ ~* *-^x *-~ dr y ~* *-~ dr y *—*\ ~* *—*\ *-^o *—*\ 

z = CB + CBA + DCA 



x = (A 3 + A )(A 2 + A l ) 

y = (L 3 + L 2 + L 1 + L )(I^ + L 2 + L )(L 2 + 1^ + ^) 

z = (C + B)(C + A)(D + C + B)(C + B + A) 



y = (B 2 + B l )(B 3 + B, + B )(B 4 + B l + B ) 



S— ij- 1 



'.9 L-j,j; 
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:10 L-j,j; 



A A 2 A, 



j = (^ + S )(S 2 + S^)(S 3 + B { + T ) 



A 



'. 1 1 1 — •> i-ij 



a 3 a 2 A A 







3>U 




:=E>-^> 



X 
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Combinational Logic Circuits iJaj'jJi iiksil yljJJl ftyi Jl So^jJl 

■^ 

^jajl^jl ^akdl jJljjJl . 1 
XOR Ijl jj cjLsIj^ci^I ^2j<j .2 

f jSUi L5 ^kdi ^uJi 1-2 

ijjUjJl iyijj\ (J,l ijJbiil oyLcJl ^« Lj^Jl 2" 2 
(Parity Checking) ji^Ji ylji 3- 2 

(Adders) ^Jr\ J\j* . 3 

(Half Adder) £.UM ^J 1-3 

(Full Adder) J-i&i ^.uLi 2- 3 

(Multi-bit Adder) oliUU iJUa. ^.ULl 3- 3 

(Subtraction) ^Jai\ \Ls- 4- 3 

(Arithmetic Unit) ^LJ-l Sj^j 5- 3 

(Decoder) 2>Jl iili .4 

(Encoder) yUuil .5 

(Multiplexer) £»Ul .6 

(Demultiplexer) J^iil .7 

(Decoder & Encoder) J^* j »jli> ill* fU^i-l; *~»*2i!l 8.1 
(Multiplexer) ^l-Jl ^oaj^L ^---^di 8.2 

jjji /Jl j taJ^i. tJu'Uij jbt j»ji; /Jl (Combinational Logic Circuits) ^I^Jl a-ikJ.1 yljJl l yuu 

j Ujiyi jSo:. d_>£ i.(lC's jl Integrated Circuits) iUlSo. J\js jSLi J sj^Ur »jj-^j bjl4 L$J-tl 

, y» .,^~ oljlg^ >Jj^u-J jl (_^j jj-^Jl /** ,rj <LLu*Jl "L>-UJl /-• 4Jl i$\ ,<L«3jJl "Wai^l s.Lj (j o^-iL^ l^l-l^itju^l 

Jj ijyw igoij (*UaJ (j LfrJj ^"^*" lJ' Vijadl jfljJul .n*^- >«-y«-saJ 3JLLJI a-b~_Jl J3 IaL«Jj<j /Jl SJiJadl yljJul 

jjX? "^ Ji /Jl jjljjjl /^ Lis J-lP »-^-^2J j t^ijjl ("LjaJl jV" jj-S" jj?r s-Lj (j SjaUtI jjlj-lll flJ^x^xl /^-^ 
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j l$K Sjjlj l5 -2jL/i>- ^*j-U J 8JJ&bM jjljJUl diij ,V> J-^ .J* 5Jl>- Jl 8.XA (J i_*jjdU" « . ^jl4 ijij^A 
Jjjj *lJb*iu«lj 4 ; a)-?;ll yljjjl ~^dj ijjjj (jjJ* jJLp i_Jj«1U" Lk5" t JzxJl I ■$,./?,■*; /c 1 jh',j 3J& J \J>\j>\Jctti^\ 

.Jj*U-! jjljjJl 

!^Lp IjjLs jj5vj jl ,J<~j SJu-jJl aijsi i^ljj wUj t jjIjlIi iSy.y- 

,\£aj\jv\ 'LJjjaJJ jSljJulj jj.i^SU tl^zjj • 

,o-iji« \j!^j> jjtjj i jo ■/?" t3 XOR *j!jj ^Ijlsx1w»I • 

.r^Joll « ^toJrl /~jL^fr S-'^^y C?^ ^'."'« y') J ,i ;" v?" • 

. V-M 5ji;Vi J L^l-i^^l j (Arithmetic Unit) ^l~^ iA^j ^^oj • 

,<L«ij]| "UJajVl ij Lf^lJisximl j (ijiil j r^lJul j _yLidl j ayi-iJl ills /^ JS" iiJij *-fS • 

,jS \ jjlji s-i—J ^iaxJl I g .,^Kj <u ijajljjl JLaUiU yljjjl Jajj • 

.ojJ&Url jjlj-lil IgJ *Jb*i~J /^Jl iLjJl Jjjaib ^UaJaJlil yljjJl *_*«-*2j • 

(Combinational Logic Circuits) S-ki'j^ 1 iikdl jiljdJl - 1 
oS/ ^JajijJlj o~£- j (.(Combinational) ^MjJ ^«k^ ylj-s ^* di^ll ^ l&** bi-Lw" ^1 i^ikdi yljjJl ^~ 

J5 r- jiA jl pxv»IJI /-• • •7Tj*~ ' ^—''jJ*-^ *^J^ ^A«--* oLLuu L>-_ul oljjic^ Jajj ^Le j.^'a" Syl-lll "UJsj 
p jjl • -K j*~ ' i*^ 8 ^^ '— ; ji*J J^-wl *s* ^->j>*J L* /c-*- 9 tJ^-UJ <ubLl *->J*jl ,J* Jaas -l»Jj<j <Li2jljJl yl «_Ul 

.jjiil iJla j^ iu^yLl oJi^jJl J L^»ljJu j»jiu- /^Jl (Sequential) v<jIsJi yljjJl y* SJijadl yljjJl ^ j^"^' 

jbL l^LJLl Ijjaj i^jjl SUJaJ^I Jj *lJ^ti^Vl SjuLiJl aJsjI^JI yljjjl (jintJ 5-j1jJj pjh^i i^s~ji\ eX& (J Ul 
jjlo JS^Ji (J 8JJ&Ur 4 j iv» (J Ijjl^r 8 j* *> JjSvj L« aiU- /yl J t-LeJaJ jl liJJj (3 ^J^fr*' Jj^i 8-Vji« i_iSUs • 

. vJ^I 2uJa;Vl jI^j J 8yiL« L^lJu^^l j Ujlyi j5o:. cu^ (IC's) iUlSo. 

XOR tyji OUIJWa-iI jisjy - 2 

dJij jjjl ^y ij^jjiil y {.jJrl II* j ^y^- J t^ikdl jSljjJl j eJuiil oUlJl^i^^l ^t^xj XOR 4jljJ 

j (.^rJ^- j*>l^-lil jlS' lil 1 (Jjl^i rJ-\ 0\ d~w>- c^i*>k^Nl aJ^p Lf »- J XOR 2uL* jL tij'x, SjIjJI j 

iJUl Sijjallj Li J^jj j .J^iLt^ \j\S~ lil iSJ^H 

x = A®B 
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U ^>\j^\ Jj-^r j XOR Uy. J^A (Jj L. J j 



A 



^L- 



A 


B 


X 














1 


1 


1 





1 


1 


1 






JUir &M\ V-L-^ oLLjJI flJbw-lj XOR 2uL* ^ j>odl jS^_ <oU JkJ US' j 



A05 = AB + AB 



(Controlled Logic Inverter) f j^=i ^^^J.* j-TuJi 1-2 
cu~£ *j *£s««2 jl L^So:. LS «k^ ^r^^ c£' ' (Controlled) ^^- ^J^* ^^ XOR ~^\y. f U*i~»l <jSo:. 



J^JI ,_>> A 



C>''- > > 



c 

.(Control Line) ^J- ^J^ XOR VjJ 3UJ1 J^-iii <-J> f u*i-b Lui ^ 
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JUl ^Ij^sjl Jj-^r JJ> f J^l t^ 2 ^' cr^^' J^ iiji' »-ji jjSs£ J 



c 


A 


X 







1 



1 


1 
1 




1 


1 




JjOsr ^ Ji*»Vl ou^Jl j j .^ US' ^J~\ Jl _/ J^-jJI Jsjs j ie-j^jil i^ill jl ^1 i A J^-UJ 

. U~~^Lp ^ J^--Jl t—ijo ^ 4S-j*i>j\.\ 



x = C®A 

x = (Ta+ca 

x = l-A + 0- A = A 



(jU^ll jJr\ (.UbW*^ J 



jLs C = JjSL L>-U*i 



x = 0A + l-A = A 



jU C = 1 Oj^j L»Jc£- 



J,l ^A US' J^-jJl ^ijJa J if-j^jil 4^Ji)l jj£_ j ^^jJl 4^jUp s-l^b (*_jij V j*j^^l ^,5|?,dl ^-S'Ull jl (^1 
*_s<2J U-UP l^-_Ul i^ijjs (j is-j^iAl i^jijl -Oo<j * yu j t4j ^obJ-l ^>^>o!l t—ijh (j <U— ill *-*2J L»-Uf- r- yM 



c 


X 





A 


1 


A 



x = 



[A ,C = 
[A ,C = 1 



d\i£\ 
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(Binary-to-Gray Code Conversion) ioUjJi SyLiJl Jl iJbi!l SjiiJi j* Jjj*«!i 2- 2 
oUif Li ^AJadl Jaja^ii j^ijil j <.(4-bit Binary-to-Gray Code Converter) 



(Binary Code) 



5, 



4-bit 
Binary 

to 

Gray 

Code 

Converter 



G„ 



G 



G, 



(Gray Code) 



G 3 =B 3 



!<lJLjI Sj .ifliwJJ 4 ; 5,k;U oIj>jcjI jJLp LL^>- « 



G 2 — BnB 2 + i> 3 B 2 
Gj = B 2 B X + "21 

G o = S 1 S 0+ S 1 S 



; JULT XOR ^L^ *J^Jb «}Uf y)?.dl olj>odl ijLd' ^5^:. <oT ~^ljJl ^ 



G 3 — B 3 
G 2 = B i ® B 2 
G l = B 2 ®B l 
G = B x ®B 



B„ 



B, 



B 



B lt 



G, 



^E> 



■it 



-))_ 



G, 



G, 



G, 



*Lj J^LS^Lj SjJIjJI s.Uj t ^s, <uLp j 
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slol (j^s iA fS i.\i\j>j>\ SjiJjl ^J <LjLill OjjiJuJl /^ Ija^cdJ 4j-iLy» « 3JLj~- iijja; U ic^-y o">Ipi ay I Jul 



5, 



G, 



5, 



G, 



5, 



G, 



#, 




G, 



iJlJl 4jL>JJ Aiui f <■ B-, <LoUill iyi-iJl ,j Lbdl ijljU L^-oi; ^A j (7 ^jiU^JI oyi-ijl ^ Lbtll 4jL^-lj |JJ i^wj^ 

5-5Lill S^LiJl J U> JJbUil 4jUU *^- jj^is ^p L^Lp J*2^ Gj SjjU^I S^aAJI J iJbJl 2UUJ-I j t 5 l$^> ^jUfyl 

oUL^ ^ 4il^ JT jl t^l . B l g B £*£ LfeU J^i G ^UM Jt B 2 L^ Js-Sl\ aJUL-l £. LSb' Cu> S, 

IJlp U tL^ (J*Vl o'bill 2uUU *^> LJUj U*r- LA sLLSil JLJbiil 4jUU «j^- Jijb ^s- Lfcip ,La£ kjUjJl SyLiJl 

.ybtil syliJl J LLJl 2uULlS' e^iL* Ui^U ^1 j \s\j*)\ SyLiJl J LUJl SJULl 



<LLk* L^~jij ^& 



■XOR 



•j* 4j£^» 4-SLj »yLi L iso j»jij /yl j te^c-l XOR ^LIjj /r" ^r~' SjJlJul ,JjJj<j LuSjt, i j^^ U ^Ip j.Lj « 
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B 5 

B 3 

B 2 

By 

B n 






-il 



-it 



G 5 
G 4 
G 3 
G 2 

G n 



(Parity Checking) j&*s)i yiji 3- 2 

ijj^ai\ J sliJJ (Characters) jyj-il <_y ^lL-JL- JSCa j iiksdl JU^l Jjl~"j jj* L^j oUUl Li; -up 

jJbl p-jj 4^J ji^u" j ua vjajl-l Ji^j j .(Errors) &Ua»4 oj-ii- oULJl dii? ^y<^ -^ (Binary) WLiil 

U^p <y> (Parity Checking) ji^Jl s-L* j .0 Ji 1 ,y y 1 Ji <y tL-jil j^jl -v^l j jtfl jl (bit) 

c(Paritybit) ji>cJl 43U^ ^^-—j " a j^>- y»j JSsJ <-3Uaj d~>- tSJjiil oULJl J Oa^ ojJ^ ^iLioTV j»0jti*«; 

Lpy 1 >*j C?i i) 1 S U J^ ->-^ jj^o tlN (cl* 5 U» J-i^-il ^jjoil j oULli J~-jil ^kll j<* J^ jii> j 

JJ J**J.I ^ijkil j»jij ilLii ^ *bj j .(Odd Parity Checking) <s^^ J-^JL ,^—j L. Il» _j <."^ Loy 

lilijj tjpbxill 4JlS- (J /W»JJ fj^i (S^j* LaJ-U- Jl -IjtJ IJL» t<US <b_^jil 1 S il JJLP <_*L~^ yj (^1 jLv«j| 

j«jij <0U jj^-jj <_pj>l j*J\ <J Is il J- 1 ^ jl J^-j lil L«T ,\jij yj>\ j l's U (jKJl jJlkJI ^Lp J>Li>JJ 

JiS'bJl ^a J^jil ^3jiaJl ^>_g> jl (^1 .Lpj» j-«jJl 3 1 S Li ,Jx!l JJbdl 7V-^! ^-4^ tjixoil 4jl>- J 1 r^y. 

4^-JL Ul iji^tiil SjLs- (J 4^»Lil i^JLil ("-^ji ^^ J fJL-jL j»jij yj Ji (j eS- 5 ^ l's il i-Xe- jl /^ 

*-Ap diii (Jgjw jo <^ J j* Laj-U; jl Jjrj liU full U2j yj (_jl j 1 s il iJs- ^L-^ j»jij 4JU Lix~il ^Jjjaii 

4^S^J.I sXj~ji\ iijjail j .Ua^ Oj-l^ jJJj tV^J iS^JJ ^^-^ <^' -^J '^! ^' 'J^' ^^ *L^I Lk^ OjJj- 

^ J s « 

aL^j (^JJl y>J\ jL-jl ojUI J^»jil i-ijjaJl £jA J^iiwil i-ijJaJl ^-U=j jl (-» Ua oJi^ (^JJl UajLl t^jt-^'J 
jl Ja^V . jL^Sfl ^y jjiT j rb jjf-yiys j 't>r*L^Nl j JU2j"VI \J\£j>\ ij^-J ^WL; i_JJai l0j!>j tLdsL*- 

Jjrjj "^ j tJis-lj c~S_j (j Jft-JL^ (J Ua>- 6jJ> L_sLi» I /^ jj!<j<j jLk^'^l o>jJj~ i *Uic£'l J5 i_>jL*Ml IJla 

lyal Jj>-I« C^Jj (3 j^L? 1 (j IJa^- ^JJ-^- (JLjJ^-I Jj^S fi -^ >r d JJ-^ ^ s^-* iC^-^J (*Uaj (^1 (3 *^l '^i^" L^a aISvJu^ 
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j l's Li L j£i\ J-Uil dj£j ji jJLp J~iu~ilj JyJJ JLsJaJl jii jf UaJ j&i .<LLaL4 jSo:. O-^ OjjJ-l jiU 

.(Even Parity Checking) ^jj-ii ji^Jb ll» ^ j 'W^jj J-y 1 yj c£i 

*—tfi«i d^s- .(Odd Parity Checking) c^-v-ii ji^Jl sJL>- J XaA^l~1\ 4-lkdl yljoJl *-^^ j^i {j&~* 

lil L. Jjo^d J-Si-J.1 i_ijja!l Lpj>«i«o /J I SyUl j (.(Odd Parity bit Generator) t^-v-ii ji^Jl a;U^ jjy 

.(Odd Parity Checker) c^-v-ii ji^Jl Syb 4~«~j l$J* jik^, j t ^ ^f <Ji J-^ijJi yjl j tW iib> DLT 

<iULI ^» j^b-till 4jL>- j oUL>- 4jt^ /ja jj>^« j-^jJi ji c^i 'ASCII ijJO> j»l-l>t^~"lj iiif jj^^Jl ji Jp_pJ£^ j 

.luUii 

(Odd Parity bit Generator) cpj^' Ja>«!i isi^ aJy 5 jib 

j tV (*i Loy UoJip jLT b} L< JuJoJ J^jii yjl 4j<~JI oliUU j l's il j-u- c_>L»^ SylJiJl «ji» 4^« 

<^1 iUSbJ l*£- 4*™Jl oliUU a^jA tiiii *i> .tilii jJLe *L^ ,ji>«i!l ZUU 1 J Lgj<-^j u~£ /^Jl 3-~"bil <UJiJi JuJt£ 

j ,_^rjj 4*~Jl oliUl-l j l's il jJip ji ilLii ^<-«J bjL~« ?y£\ jLS' liLJ tL^j L. j XOR i-L* s-'j-M 

j cpy *jv~!I oUULl J l's il jJlp ji liLii ,jgj<^i 1 IjjL~« fj^l JLS' lil j tjiwtsil iJU 1 J 1 f-^jJ r^ 

■?t-/3j^a aj& Uo i^-*»-?rl L^L>- ^*aS»*^ ^& jjJL>cj! 4jL>- ^j ^~^y (V^ ^-^1 Ji c£i . L 3^> t ^il ^JL^- (j p~py T^^^~ 

JUl ,Jkil -kL«dL; 
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y> LjT C(jl>-jil oli XOR oIjIjj /^ bJiP Sjjljjl jLj Js *jj^i~j (Js'-I-U Sjtj^vo XOR *j!jj _?y ?-^ \j&j 



B 
% 

B 2 
B 3 
B, 
B 5 



=^D 



T^d-zid-- 



aU^I -rzJp ja 



>- 



B 

B t 

B 2 
B 3 

B 4 
B 5 

B< 



)Dh 



■il 



-il 



-il 



-il 



■0- 



(Odd Parity Checker) <Pj*ll j&cll SjJb 

4jUiil oUUM ^^ diii p. .dili ^ s-Uj N ff >«jJl j tja^ diiU* jlS' lil U JyOsi j cL*rjj _jf Lpy lao-U- 

j j-srjj l's ll J-Vp jl diii (Js^ IjjL~« f- _^J;I OLS" liU tlfuj L. J XOR M^ ^j*l i£> 'M^' ^- 

J .j^Jl j tU^ Jl^tjj M j iS^J l's ll J-J^ il)f ilLii ,^-i 1 IjjL~« f _r^l jLT lil l*T <-y>)\ j U*>=- diib> 
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Error 



<.y>J>\ J iLs^ jJlIIia j Error = 1 jU Error = d\£" tils taylJJl g-_yt- Error yj>\ L«-b^>l LJl Ji^ 

,W Ostjj M j £>tw = Ol» isra?r = 1 DIS' lil W 



.l^jjJcS' XOR oUjj j»lJis!eiv»lj SjjIjJI jb t^jljJl iSjijf- tiili iijX^ j 



:i ^.jju 



^jjJl ji^Jl Syii j (Even Parity bit Generator) ^jjJi ji^Jl &U oJjj S^sb ^ JT »«^ ^ 

.XOR obljj ^lJb«M.lj U^jLj ^ f (.(Even Parity Checker) 



10 
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(Adders) £«JH j\j* - 3 

.ybiil ijj^iil j iitJ.! jIJlpMI ^j^ \L>s- s-Ij^tLj (»jij i^jjja^ j\ji j> (Adders) a^Ij^-I j' ^-«Jrl _/lj:> 

(Half Adder) ^Uri uU; 1- 3 

^jJhJl ^ij-^Jl Jj-^t j Lf «Ml -kU^il ^iy y> US' (.(Carry) J-J-i j (Sum) ^Jr\ J-*»U- jL£I 



5 




5* (Sum) 



C (Carry) 



A 


B 


s 


c 

















1 


1 





1 





1 





1 


1 





1 



.4JLLJI a_L>- Jl ,j LaL^jJ l ~gj\ , ±n <jil\\ iijja j»IJj^U*Lj 4j«^~j *^Ur! <_i-^2J Ojjlj . jo .,^" -jSvjr. • 



J4 ; a,k;ll olj>jcJl 



S=Afi+A5=A©5 
C = AB 



k ; ..^J (J,l r\i^- V J 4j«-^ -k^vjl ,j Ua CjIjjjcJI j 



11 
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1 4. ; .a,k.dl syljJl 



A B 




A B 



C 



A B 



" il 



c 



12 
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:2 ^„j*> 



.(Half Adder) £.bM o^ ij\s t b j NOR obl^ f J 



(Full Adder) >&i ^ 2-3 

J (Sum) f y^ J* JS' jU^ j A^Jrl 2LL* i'j^-^ fj^" L*' c? A-*W <_A*aJ syb A* J-"^Jl ,*-«Url SjJb 4jLi^j 

ItU^il ^y y> US' (.(Carry in) J^-b J^ j* «jL* y> LsJLJ !>Uo U> jl % (.(Carry out) r jl^l J-J- 1 



5 



{Carry in) C i 




S {Sum) 



C {Carry out) 



# 


A 


B 


c t 


5 


c 




















1 








1 


1 





2 





1 





1 





3 





1 


1 





1 


4 


1 








1 





5 


1 





1 





1 


6 


1 


1 








1 


7 


1 


1 


1 


1 


1 



5 = £m (1,2,4,7) 
C =£m (3,5,6,7) 



jiLiiJadl olj>jcJl 



13 
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'.Sj^£>*\\ 4 ; a,b;ll olj>ocJl 



£ \, 00 01 11 10 








© 

2 


6 


© 

4 


® 

1 


3 


© 

7 


5 



X A5 
C"\ oo oi n 10 








2 


1 

6 


4 


1 














1 


1 


1 






3 


7 


e. 





c 



S = ABC, + ABC, + ABC, + ABC, 
C=AB + BC + AC : 



I i 



:3 s-ijoj 



.(NOT t OR cAND) o^l VL-Vl oUjJI ( f ) 

.NAND oljljj (v) 



**br ui»aJ (Jjj'i ^lA?ui-ib jJ-olSol fc»lJrl «.Uj 



A 
5 



C. 







H. A. 


















^ 








/ 








z •-" 


















H. A. 























c 
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OU/2J J,J rtjbJl A~Jrl J-s^l^ Li^Ol f I B J A o^J^ ,*-«Jr JjVl ^-"Url OL^2J Lj& l^Je>d^l Ji bjl Ji>-V 

j* ^ jl L.I 4jU C £jUU JJ-I L.T .ij^l oUUU ^^ Jlp LL^i 4 C. ttiltil 3JUL1 « jlill ^.U-l 

.OR 4~Lj<j «Url Ji^J (JjJli ^ 7TJ^~' J^"' Lj^iJ ii-UJJ toLiil *^>Jrl ZUL*P ji- j\ J,Jil A*Jrl ^^- p 

(Multi-bit Adder) OUUM iJUdi £»Uri 3- 3 
.(4-bit Adder) o>Ul>- tjuj j* U-j^> 15" jjSo tjuJbj jjjjlp a*^ *»ji" iJLk^ ij\s ^^aj j^l i_jjJJai.l 

4jL>- li a^7 f»«J jf t^axJl L» g .,>? ^ (3 «9 l j\ s jhijl /jJJLkjI /W>)j '-^ L-J^S ^ij^i 4 -^* A«Jrl SJ^P- t-\jPr[ lijjl lij 

^ ~UJl ^p~\ JJ-| J^ y - ^ t (LSB) UjJi Ajlii-b ov-iv tjliil jJbJl tf U aLUil ajUJ-I £. JjS/l iJbJl ^ 

C 3 C 2 Cj 

A 3 A, A, A, 
B 3 S 2 fl, B 



C 4 >j 3 5 2 5j <j 
L*^- i tSJUl fcli-l Jl 4^^ ^ c^-^l Cj rj^~\ J-J-l j S f _r^l J& LL/a»i 6 a« Ag b*£- d~>- 
t ii5U j ... ciJUl ail-Li J] 4JU^ Lui grJJl C 2 £jULl i yj~\ j S 1 £yJi\ J* bL^^i B x j A, g> C, 
. C 4 jrjUl-l Jj-i j S 3 £jJt\ J* UU>o B 3 j A 3 £. C 3 U*. ^ S^l SUt-l ( y- 

JT j aJtI U*p fljsr^ J^ls" ^.U- j c(LSB) Lioil SlULl j aJtI 2uL* flj*^ ^Ur ol^j fUwo*l LuS^. 
slol j^a _y& Lo clfJj /oil 4jUU J,! 4jL>- -^ L«J-I \r~y i\s-\y *j> iSJliil o>UULl /^ 4jL>- 



1 




H. A. 
(0) 






Aq 




b o 






























F. A. 

(1) 




4 , 








^, 






























F. A. 
(2) 




A 




^ 




B, 






























F. A. 
(3) 




4 4 




3 




«, 









c, 
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(J j ,j£*Jl Lfvi><j « yljjjl Jaij oLL^ J JsMjJI AfcJ-1 IJLa >Jij^~j j .oliUU jjjdli *^>UJJ (Carry in) 



(Carry in) C 




F. A. 

(0) 






A 


So 




'A) 




B n 



























F. A. 

(1) 




4, 


J l 




1 




£»1 


























F. A. 
(2) 




4 


J 2 




2 




c, 




2 














c 








F. A. 
(3) 




4 . 


J 3 






(Carry out) 


s. 




C 4 



jUI^ 4^j^I ji ^UJ] L5 ikdl JaWl Ji£ JUl J^LiJl 



A, 



A ^ 



B < 



B 



(Carry in) C 




16 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



SyljJi «Jla +~^ £j, y^ Ur tj^j lJlU 4j<^«; Li (4-bit Adder) oUL^ ixjjSli ji ^bM S_/b jl Ja»-V 

Jj-l^r J&S\ iJS- jl Ja^V) 4jj*-/Jl ,j 4jL£- Ij^l <U)LJ| «-b~_Jl (J aL^jJ (^Jlil ji , ; .o..^a,vJl l_J_J-*«l ^Ivbxl^Ll 

Sjji^Jl ol-b-jJl j^ JJlP J,l (Sjj^OI ayljJl i-j hi La iJlxJi^l ajjfc U- <r .(2 = 512 j> aJu-j «_jlj*ajl 

*> ol-l^- Jl Jajj V Ojyu^ill 5Jl>- Jl . ; o m2J -Vxj « c L^-Jl i_-9|^Js>I v-» J J-^ J-X*J L$^« SJls- • Li (<LULS ^alo^ry 

"i^ij>\ iuiaJ }fl (J ^iJjxi^VI *jLi | i.>»../a,:Jl (j ^^aL-^l IJla j ,S_^xJ| SjJUJI iiisj l5 j JJ "^-^ L / 2J< ^' Lj-^xj 
>jaJu ol-k>- Jl aJjfc /^ aJ^- « LS |»^™^J f 4j*V jl olJi>- Jl /*• J-lf- (J,J -Xi*^ i^- s J f Uaj (CI »~~JJ *^J k£~s>- 

. IJiXA j ... tyi^^l ol-b~jJl ^ J-U- J,J 

*-jai~j iiwj^ tiULSJl «^ljJrl iAs- ii\jji oUUM jJjCL* x^Url oUU 1 - J-U- ijLj j *Jj4~o (%X£ 4Jl Lsbjl Ji^M 



u 



:4 4-ejja 



.(8-bit Adder) oUL^ ij^ ji ^^ f--^ 



*^ljJrl Jajj 
jJIp ,Ua^- oLiL?^ <L*jjI ji *-«Lr (_JJ^- a Jajjj Luj lij "}Lt« -jp ' (*-*L>r j.UJ Sjjjtys *^Lr oIjl>-j oLiajj jSi. 

aLol ?sSp ja y& Lo coUL^ aJLc o *^L>r 



S 7 S 6 fi 5 



C 8 j 7 »S 6 



A 7 A 6 A 5 A 4 



5, 



C 

A A A 4 

B 3 B 2 ft B 



C 4 <j 3 5 2 5j A 



(1) i^ji\ 



(0) SJ^jil 



Jl (Carry in) J»Ma J-^S" Jl^ol j JjSH Sj^Ji ^ (Carry out) jr jLiLl J^J-I J-^^i ^ jl u~£ LsT ^1 

.iJLill jj^jjl 
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5 7 



C fi 



:5 ^o" " 



.(16-bit Adder) ^ 16 ji £«U- s.UJ (4-bit Adders) oUL^ kcjf jj ^Ur ol-b-j 4 -kjj aija ^->j 



18 
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(Subtraction) ^jWi U** 

juts' ^j^jail JJmJl l_JL« « *^ ^L-* til fjtJl *^-»^ JiJ^ 1 (♦■% 

A-fi = A+(-B) 

aiUst |f B jJl«JI oUU^ a^- ^-^xj <uL^ J-^ 1 j '"■! (2's Complement) jliii J*^il y> 6 ^JuJI ^JU j 
7-J2JI 2uL* jLs oUL^ 4j<jjI ji (Jb' j-Ip ^ »jLp B j A y JS" jl ^>^l liU .(LSB) Lull 2uli-l Jl 1 

1 
A3 A, A, A„ 
K B~ 2 fi *0 

C 4 o 3 5 2 S, o 

JdLT OUL^ 20ujS/l ji ^Url flJlAi-lj 4~L*Jl flyr} p. j 



A < 



B < 



B z 



C = \ 




VULl ^J £J1 fcUM ^ (Borrow) t_3!>ku*l oj-b~ J^ Jjy dlii jli 1 LjL~. C 4 £>M l)IT lil <of Ji^V 
jlf lil d J\ . A <u* ^j>il aJbJl j»/ifi ^jjW.' Jj ^> ^lf IM >-i^NI IJL» o-i£ j t(MSB) Lkll 

.r-jjaJl J-^b~ ajLA} Ji£ C 4 (L>T (^T t^JU JJiP j* »jLp ^-Jajl J-^ ^ J* J-Aj diii jLs 1 bjL~. C 4 



19 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



.A + fi jt B-A 

l _ r S'l_ ? *Jl j^ ^jj (Controlled Logic Inverters) "^^- \j^* ^^y- f -b*i~j j? j^. SjJlJdl fc jy «jb jJ 



A, 

A, 



B„ 



fi, 



Bo 



5, 



-yy 



-yy 



-sz 



-yy 



-yy 



-y; 



-yy 



-3Z 



4-bit 
Adder 



C, 



G, 



G : G 



(Control Lines) 



"5^ . G 7 G, G n *5^>Jl i-i\Jo\ J3 4^hil ^.Jijl A^JJ <Uks!til <LjL~J-I oLLudl jj> iJs- $Sj>r\ r>S. <A& j 
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ji ^UJ] (Carry in) J^Uil J-J-l Ji£ cs-xi! « G ,*£>dl ^3> J 1 ^^l ^l^- US' 4 G 2 pS^-dl 
y jl UJuy Jj -orUU ^iUl ^b£ }U A iO*)l L.f . B —U jliil J-53.1 jl^V dJUi j <oUU ^jSll 

. G, jvS^Jl Jsjs J £*2J diili ^a US' 

p-^Ji j> jO^ diili S j A jjj-uil ^ (/t oUL^ ^ r^bsi ^ A + B U^Ji fr U*-N • 
,Uajf Ovj^ dii-xl G ^>Ji J 1 £>jJ £^ N US' ■ G 2 j G Y 

1 ^>jJ r-b£ IS <. G[ »5^>Jl i_>Ja j 1 £-^jj A J-Uil oUL^ ^r-SUi ~ll£ B - A 4~U*Jl *U*-N * 

^ dill! ..* ^S tfUU y jl Jo^i B JJuJl Ut . A —U ^Uil J-^il ^^ G jr^Jl ^Ja J 

. G 2 jvSUJl ^J>> j 



sjuxjl 

(Operation) 


»5^>cjI oljLiJ 


G 2 


G, 


Go 


A-S 


1 





1 


A + S 











B-A 





1 


1 



Jj-br ft UJl j^l c^jikll ,s!ApT JjJbM J oVU^Vl »JlA ^y Saii tf% jUp^I J UJb4 M j .J)\JaSi\ oJL» 
,lf< JU^I IT JjU? (VJI 2uLjJ| j *Svxi!l ^iljJaSl U>=-jJl oVUi^l «u*> JlS- >SyA ^\y^> 



G 2 


G, 


G 


Operation 











A + B 








1 


A + S + l 





1 





S-A-l 





1 


1 


B-A 


1 








A-B-l 


1 





1 


A-B 


1 


1 





-A-B-2 


1 


1 


1 


-A-B-l 



.(4-bit Adder/Subtracter) oUl^ ho.J ji ^-jlU/^U- ijh jt- »jUc siUJl lj\^\ jl Jjill j^l US^:. 
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(Arithmetic Unit) oUJ-l "aj^-j 

UJl Uiv>f lil oUL^ 4j<jjS!I ji 7-jlkll/^bM iijJta ^Lbti^lj sJuiLl oLJ-l oLLjJI j^ Jujil s-Url b^o:. 

B iJkJl ^P Lu>j^- lil A + B + l <LJLjJI J !Ai« .yivaj <up ^^jjjcJI tj\ <. B y A ^JJuJl Ji>-1 juivaj iJlx^l 

j . A + + yjl iAjii'i oUJ J**;, j U j^y. ,%Jl ^Increment A U^ (/T <. A + 1 4-Lj<Ji ^ J-^ yL^j 

(^il ^Decrement B U^p ^1 <. B - 1 U^Ji ^ J-^ yl^j A J-ull js- L^j* lij 6 - A - 1 4-U*Ji j 

(Jlp J-^ 1 yi^i; B jJbJl ^p Lw=_jp li| B — A 4~Lu«Jl J j ■ S — >*j^ *^-jjJ' oUJ ^^iwj J ^ j-*ji 

.Negate A U^p J^ <■- A \L>jA\ 

Cj\j\jS" AND ObljJ (>• if-j^Sr fl-iAI^b SyljJl Jj B y A jp-UJl /jiJuJl Jb»l jyi^aJ ^J^K^I *JL>| U^- 



j^ji ,_>> A 



c 



c>'^> 



c = o 

C = \ 



c 


A 


X 







1 






1 
1 




1 



1 






c 


X 








1 


A 



j t^A US' LA J^-JJl i_ijJa J ^-j-^jil 3^Jjl jy: lili AND ijljJ »5^>cJi ^i^Ja J 1 s^JLlI /w»j -*-^- «*jT t^f 

.Lpry>- j^is^j fjA? Lili AND *j!jJ »SL>Jl i-ijJa (j 4^JLll /w>j -As* 
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: JUIT oUl^ 4*^1 ji j-jLkil/^Url SylJj AND oUjj 4iL>l ^ 



A) 
A 

A 
A 

5, 




G 2 Gj G 



j»Lili 4^j*>Ul ^S^dl oljLil j il-uil SyiJill j.|J^tu-lj Ujl^l o^-^ 1 oLLjJI ^^ tw>jj JUl JjJbM j 



(Operation) 


»5^>cjI oljLiJ 


J$JL*<2J 


a~£* 


G 


G 4 


G 3 


G 2 


Gi 


A + + 





1 








1 


B — 


1 











1 


-A 





1 





1 


1 


-B 


1 





1 





1 


A = -A-l 





1 





1 





B = -B-l 


1 





1 


1 


1 
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i.\j^r[>. ij^uLl s.j$r\ U ou^il lil j toUl^- SjujI oli (Arithmetic Unit) ^l~s>- a-i^j Jix il-uLl aj\jS\ 
.ALU jT (Arithmetic Logic Unit) jk^> j ^L-^ »a*-j ^s: ajjaiil oLLjJi 



16 t-«0«tf 



p-x^Jl oljL&l j i«">U-l i_jL~J-I oJu-j MJist 






(Decoder) 5>iJi ill* - 4 

oJiA j-j^l ^iljJal ^y -kai Ji^lj .(Output Lines) 7-j^ i-J\jk\ oJlP U> 4-aU^ S^fb ^s- SjLp syLiJl illi 
Ul tl ijikdl 2u_JiJl 4J J g,l?T Ja^Jl r-jiM ^JjJa .4J2JUJ jjp jjSL" t-^-I ijl^Jal 2LJL Ul (Active) Ua-iJ JjXj 
i_iljj»l 4j2~»l_jj k.iJl jr jjLl i-i^is jLsS-l ji-ij .0 4-iJaJ.I 4^JLll l_£^« IS' JJ J g,b^ (ija^Jl jji-) r-^-l i_iljJ»l 4jij 

(Address) jlj^ £^U lJI^U <y ^ijJa jSQi (.(Address Lines) b\j*b\ <J\}»\ ^~s ^Jl j S/lJil! J^-jJI 
^3^ Ja^j jlj^til t-i\Jh\ l Js- av»jj Ujlip (Binary Code) WL5 S^iA ^ «jL* jlj^xJl l-x* j t«j-x. Juy 

.jl^uJl dii-U JjUIi jr^l 

(2-to-4 Decoder) 4 Ji 2 ^ ^ 5>A iiUJ vb*^ 1 J jJbr j L5 ikdl JaWl ^.U^j 



(Address Lines) 

A 



2-to-4 
Decoder 



o, 



o 



a 







a 



(Output Lines) 



# 


A 


A) 


3 


2 


o, 


o Q 




















1 


1 





i 








1 





2 


1 








1 








3 


1 


1 


1 
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VJ lule- Li o^Ip? Li v_;lj^l JjJur j ^.a.k.dl k,ksjj ;*-sijil 4 J,| 2 f- jj jj> oytiJl iJLs Ojjb fi-^waJ lojl lit 

|^a,k;ll olj>jcJl 



O =A l A Q =m 
O x = A x Aq = m, 

2=AA) =m 2 

3 = AjAg = m 3 

r J~\ ^i\Ja\ J J^-jJI oljjiJ. (minterms) <^y<-^l jjjJ-I .xJ^ j»jij S^LiJl iJli jl -k^"^ 



1 4. ; .a,k.dl syljJl 



A A 





a, 



o, 



a 



a 



.TT^-I uil^lal JJlxj AND CjUjj y iPj^si ^y LLI jjSo" SyLiJl illil 4...aja.dl aylJill jl Ji^^ 
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ilUJ (Address Lines) d\y*i\ <~J\Jh\ jOp j (Output Lines) gj£-\ J>\JJ> jOp cm ^ ^^ j j^j -^^ 
i-il^l jjlp jU JUL j 4 2 W y> zuSCll jj jbJi j-vp jl diii ^>^i iV y> jly*Jl lJIJ*? jJlp jlS' liU iSyiiJl 

.sjjC Ajji j\ys- 7Tj£-\ *-2\J&\ jj> i—ijja 150 JjSnj CU^ t 2 IjjL~« jl /^ lil JjSnj jl i :£ 7- jjM 

j r-^-J-l i-iMjal J-U- ^ J^jJl i-jlja? J-U- *~»^l j jS'ii CUj^ ieyLSjl liU 2u»~J j *J.I cJ^Sfl UaJ Jas-M 

.(to) J} i-iS' L^j 

:7 ^.j- " 



:_1 ;ukii 


IJ\jS\ 


p— 'J 1 


j 4 ; fl)?;ll 


Olj^oCjl 1 xS ! f t<_->l«^2jl J jjjr 

.(l-to-2 Decoder) 2 Jl 1 
.(3-to-8 Decoder) 8 Jl 3 


3 J^- 


ijA3 *iU ( 1 ) 
SyLi ills (i_j) 



sji-i illii JhJl jSLiJl J ^y y> US' tNAND oWjj S^i^Jl iils Syb J AND oU^ JU~»I ^ UL^I 

(2-to-4 Decoder) 4 Jl 2 ^> i y 

A A) 





a, 



a 



0-, 



a 
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j^^jLl i_3ljj»l j tO 4-ikJ.I 4^JL)l <us jgk>~ Ja."-;ll 77^"' lJ^Jo jli JbJlj j cL"j>jw r^-l JjS^j SJU-I a-XA J5 
JaAi r- y>- ji SyLiJl iili jl 3JU-I aij& li« (j Jjij j . 1 iJLkdl <U^Jdl L$i« IS' J3 J g,bT (aJo^jJI jji^) l£>>-VI 

ojLi">U (High) ^-i?y j (Low) ^^i?^ iJ s-dU^* {•tetz^j L. IjjsT j .(Active Low Outputs) ^^i?^ 
jJljJLJl liilj" t) 4-«kdl 2u-ill Jjx ~j L. ojU 4jS! tykll yljJJl J (j^ 1 i-iljsf J) r/l i_ilj»f aJU- Jl 

.(+5 V Sb.) ^> </-^ X& 1 A-ikdl 2u^ll J t (0 V ^) ^A-b^ g^J-^ Jl^ 



18 t»"0«tf 



, a ^pf «J \JtUA\ SjjljJl 7w»jil (2-to-4 Decoder with Active Low Outputs) Jai**x» 



(Enable) ^U-Ji J** 
; Lp jjz, iaAs> ijy&j ijikdl ^jljjjl (J t»- L^Jl .W j .(Enable) ^-le" Jai4 lijj^ SjiiJl ilU jjSC U Site 

. jLoJ.IS' J^jJIj U> 7t«^J jl iSylJlil l*J- JJaJ jl Aj)a*»ljj jS^. ~^J- ^3 jJa ^p 



(2-to-4 Decoder with Enable) ^ l*" M ^y 4 Jl 2 ^ o-« 2>A iiUJ L5 ikdl Ja|**il JjL.jj 



A-, 
A 



CLo_«Jl _l2J>- n 

(Enable) 



2-to-4 
Decoder 



a 



a 



a 



a, 



\**i Sji-iJl iJLs jli £" 7-U— Jl .k^ (J 1 <LaJaxil iUJLil /w»j -L^- Ul tija^ij jjp 4J r-jiM 1 sl^iaT *^- jjSj j 

JUl t->lj^»Jl Jj-V^ ilLii 7^>jj" jSC?, j .jbdAT 
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E 


A 


A 


o 3 


2 


o, 


o Q 





























1 

















1 




















1 


1 














1 

















1 


1 





1 








1 





1 


1 








1 








1 


1 


1 


1 












JLllS jj.,rT,'< ijj^SU V_)liv2jl Jjjjr 4jLS -jSvJT. • 



E 


A 


A 


o 3 


o 2 


o, 


O 





X 


X 














1 

















1 


1 





1 








1 





1 


1 








1 








1 


1 


1 


1 












jly*Jl JjJa «J jS- jJiJl u olJu 4Jl» E = t-U~JI -k>- jLf li.Ua *j\ ( ^xj La cjlj^ail JjJ^r j^ JjVl jk~ Jl 

pj>z -jA L>^ La X iss£-\ jjp ~Jl!l j^jj L»l-l>d~»li .^k-iu jjP Ojji-iJl illiJ r-j^l i_iLkl a-^- jjX? A A, 

,<UjjS(I jkv VI «•!* <J r_^-l *Js 4jLid Ijja; Jb»lj jk~» (J v_jlj^aJl Jj-l^r /^ jja—l 4*Jjl 

jLiLT (2-to-4 Decoder with Enable) r- l*» -k£ 4 Jl 2 ^jj ^ iyUJl ill* SjJb j»~w»j «Jj4-~j J>s„ j 



<9 2 = £4^ 
3 = EA,^ 
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1 4. ; .a,k.dl syljJl 



E A A 




a 



a 



a 



a 



t £" >»jJIj aJU-I sJl* j ii j^y. j cUzjj (Active Low) \^jc^j> \W^ DjSC jt jS^:. (Enable) r- U~Jl Ja^- 

. 1 4 ; flb;ll 4^JLll <u» f^ 9 L«-1^P LgJLo^ A^ ) '0 "U5jaiil <u~JL)l <ui /w»jj U-Uf- UjOLj SjJlJuJ t^«— o » 







:9 vo*" 


!?■ *> /-* »yLi iJliJ 'LSJadl s^JlJul *-*jl j "Uijaiil olj^ocJl <_jo 1 v t<_->l«^2jl J«J^- 


j ^yikdl JajasJ.1 7w3j 


.(3-to-8 Decoder with Enable) 


C U- J^ 8 Ji 3 ( f ) 


. (3-to-8 Decoder with Enable and Active Low Outputs) Jois^* 


JaJUj ^^ j 


c \s Ja^ 8 Ji 3 (v) 


. (3-to-8 Decoder with Active Low Enable) 


.,h.a.->tj** JiJUj 


c u- j* 8 ji 3 y 
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(Multiple Enables) 8*Jud.i ^ U-Ji l>jk* 



A, 

A, 




0, 



a 



a, 



a. 



.£i=0 j£ =l J^, 



:io t^jju 



.4^1 l) J^\.\ Jaja^il £w?jil 



t(Memory) S^S'lJJl J\js j <u>Ijl>cu-I y> oUIOst^VI dii? *-*f j? NJ tsJu-u oUIJlj'cu*! ljLxi\ illii 
l)IjIP Sj5 lJul a*Ij-« /y* (*^J-* /P^ . <*jl «ic- JjjjJ^ ,>*■ SjSiJul aSI y /y« Jft*-* a5 v* J,} JjVjJJ 4<UiusxJj l^&ljjb 
L-iJa JaJu^J t 5yLiJl iluJ jlyxJl i_ilj»? Jlc- 4jlyp ^>j *5j «Jjll jjjj Jl Jj-^jil j c4j ^L*- (Address) 
jl <^f .(Write) 4jb£Jl jf (Read) ^Ijill oLU><J «ijil ^ fj-i j £*_^ Si^. J-^ ayliJl iili J ^-J~\ 
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olol -p^py j> US' t 8 J,J 3 p jj ,y ijk£ iJli jbJ 4 J,! 2 f _jj j^ eyLi 



A 



A A) 



2-to-4 

Decoder 

(0) 



2-to-4 
Decoder 

(1) 



0, 



a 



o, 



a 



0, 



a 



a 



7 



.(Enable) r-le" Ja£ "Jj-« OyC" jt u-£ Ujajj c^jikll SyLiJl ilU ol-l^j jl Ja^">\j 



Jajyl iijja tc^s y /j>£. oUil 7t*Ja<M 8 (J,} 3 p jj /y* SyLiJI iilaJ <_>l«-/2jl J «J^r •_» 



A 


A A 













'0 0] 

1 

1 
J J 




1 

2 
3 


1 
1 
1 
1 




t) (f| 

1 

1 

J lj 


4 
5 
6 

7 



>■ Decoder (0) 



>• Decoder (1) 
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SJu-jJl JjL2j LL^Vl ou^Jl j '(0) (J,J jI o-lj-jJl LjL2j .JLpVI <_i-^Jl iijyLtfi J,} <— ->tj;«,d)l Jj-l^- ,t ■$ ».t; Lj& Lui 

<^l Ja^ Of ^ JjjJrl tf j .(1) 2LJUJ! 

frSji Gjjj^' /*•* .»jy<-^Jl ol-l^- Jl ^ju U (^jLvCjLj if-jy co j-* Li* Laj-Ip « cSjOOl o-l^-ali fTji'-l t_SljJal .1 

.L^wjjJl olf-lyi j ol-b-_}Jl 
^A j tl g,k;j c^jijail »j>i-^Jl ol-b-jJl y oJu-j LT J jg^' tj) 1 ! 0'iyxi'i <-2\Jo\ j^A j tUJill jlj^xJl t-i\Jh\ .2 
,j 4j£Uui« jjX? i—iljJa^l a-ia ^ jl diii ij <_~~Jl j .*!} jJ^j> jjX? t A j A, Jiijiail jP ijL^e- Li* 

£. iJajj^ii olo^jJl oy ,y> (Active Unit) ^iJl »-i^jJi jl^i j j»Os^u«j A 2 ^^i jij^Ji ^3Ja .3 

.ol-i^jJl diU (Enable) £-U~Ji Jsjk^ jjja ^ dlii j '^r^ 1 U-^~ 

jljixJl <—*Jh Uj«^ Lg_i j tv_jlj-All Jj-U- y ^j^-NI L-ivaJl <jJjLiP y jlj^f- (^t jL^j! -^ "0l Jas-M 

j/; o«- () » A^ = 1 ^ Li c U~Ji J** J j«Ja ^Jl *~*Ji dSl (0) J jSfi Sjl^jJI -kij , A 2 = J^Sfl 

(0) Jj^l sJi^jJl jl U j . A 2 =0 ,y> Li r-U-Jl JaS- j _ r $Jaj" ^1 ~A^Ji\ {ft ~4z^> j$& (1) ylSJl i-l^jJl 
Ja*~! J ' Aj J Aj LJJill jlj^tll i_il^f ^Jk j ;U 4-^>LL-l jlj^xjl L_>ljsf J ^Pj-^^l ~ill u-jSei-J UU aja^j 

!*i ciJaJuJl ^ <(1) iJLill SJl^jJI Ul .dlii JLc t b (jjS/l *~jS/l £>•! <->l>f ^ j) Li r^J-l <_il>f Ji>.f 

JliP j .ija-io j>P («jl^-Sfl SjtjjSlI J-j^-l ^IjJal ^ j) Li J-j^-l ^iljJal ^4^ ll)jS\J j jlj^jtll i-iljJaSl o^CU-J 
O-l^; c A 2 = IjjLp^I Li\ji*A\ u>Ji> U^ I4J j i<* r >\j+a}\ Jj-l^r y Ji~»VI ijLMaJl jjijL^- ^ illljiP ^1 Jl^il 
rJ-\ <~i\Jh\ As-\ ia-iuj j t Aj J Aj LJjJl d\jl*i\ <~*\JkH o^lJ j (1) iJLiil iJi^jJl Ja-iuj" ti^>- t^-SUil 
lJ\Js>\ «u^- jjSL" j jljixJl ^ilJaSl L^»a~j "^ j ija-io jj£ (0) JjSlI i-^jJl jj^J tj^s- j tdiii j^ j.b Li 

.ija^J jjp Li /Tj^-I 
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y*-« 



4jt>jl c£1 tijjiu^Jl ol-b-jJl ^y 4j«jjl J,l r^ LI lj< '16 _j* Ojj-Sol a-b-_jD jr^l i-Jlji>t J-lP j c4 jJ>> La 

■4 (il 2 p_ji <y »y=-i i5li olOs-j 
16 J.} 4 p _jj y SjjLi iiUJ i—^lj.iflll Jj-l^r l5i coj^jSjI sJl»-j1I <_jIj,.,^,I| Jj-*jt ,-* <LoUJl sjJajM 



./lo ./lo 


A A 













'0 0) 

1 

1 

a iJ 




1 

2 
3 


1 
1 
1 
1 




r 0) 

1 

1 

a iJ 


4 
5 
6 

7 


1 
1 
1 
1 




'0 0] 

1 

1 

a iJ 


8 
9 
10 
11 


1 1 
1 1 
1 1 
1 1 




t) 0] 

1 

1 

a iJ 


12 

13 
14 
15 



>■ Decoder (0) 



>■ Decoder (1) 



> Decoder (2) 



► Decoder (3) 



,ijsjt^3j\ ol-L>- Jl (ju L» (j;«L~i!lj <Ipjj^ Sjjo-JI sJL>-JJ ?rj>-l i— sl^W .1 

.i^jj^ A j A ^ jJ ' ^L^ 1 ^J^ - 2 

L& ija^jl «-b~jJl jL~>-l (j Oi*~~J J .ija^jl s-b-jjl jLs^-l (j fJlAi^J A, J A, LLJl jljixJl ijljjal .3 

■4 Jl 2 p_^ y S>i iiLi 
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4j . 


\ 2 




j 


i, i 


\a 








i 


' 






E 


2-to-4 ■ 
Dec. 
(0) ■ 


























' 






E 




2-to-4 
Dec. 




2-to-4 
Dec. 
(1) 


















































' 






E 




i 


2-to-4 

Dec. 

(2) 




























E 




2-to-4 
Dec. 














c 


!) 



On 

o, 

2 
3 



■o 4 

Os 
■0 6 

Or 



■ o, 

■0 9 

On 
On 



On 

0,3 
0,4 

0,5 



Ijii jCjiJ s-ij** 1 



,p _j^sjil jlj^xJl i_,^L^ i-ijkil %<i 4jl ^a jS~bli diii j tJaii ^JJl 



Bk^ 



oJj^jJl jL^»-l J3 La-l>ci^l 8 J} 3 f- y ry> oyii iJti «.UJ 4 Jl 2 f- _y ry ijk£ iJli (Jyb .kj^j L«i L»-Up 

J .2 Jl 1 9 _JJ jV »_^iA iiL» ijajujl a-l^jjl jLs^l (j fS^X^J jl bjlx^l Jj jlj ,<t«JaJlj J tl.a,k;.» L-S'Lp Sja^Jl 

LS ik^ a-S'Lp ^y ;uijaJ.l tfjjb jjSo" ((Enable) £-lc -W jj-b) 2 Jl 1 ^ <y S^LiJl iiU jlj ySll ^Slj J 

(( I ) 7 s-ojJu- Jl ^rjl) .Ja5» J^lj 
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■2 J,i 1 f y <y> aylii ills C->l-b~j *l-b*i*»b 8 J,| 3 p y J* aylii ii\i s-Uj *JuJte f-^J 






4 2 - 


1/ 






^ 


1« 






/ 


1 






E 


l-to-2 
Dec. 
(0) 




























2-to-4 
Dec. 


E 


l-to-2 
Dec. 
(1) 










4 


i 














\ 










/ 










/ 










E 




1 


l-to-2 
Dec. 

(2) 






















E 






l-to-2 








c 


!) 



o, 



■0 2 
3 



4 

■ o, 



■0 6 
■0? 



:y ijSLi' ii\i jJljJ f 



j 4JI 7-L«i ^JJl 4 J} 2 f y ,y iji-iJl iili *lJbso»«<l bJ *-j^J.I jj£ j^i <ule- j ^UJl J Jaii 2 Jl 1 f- jj 



ilU 



y\ji ?\^>*Z^\j <U~iJ 4 (J,} 2 pjj jV S^iAJI iJli jLljj j«jij C-~>- tJa~-o aJIS^^I a-L* b- j . Jaj ^Jl <bL*P 

■2 Ji 1 ^JJ ^ ^ 
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jA 3jL~«ll »to*^sJl U-l jLs <uLp j 



1: 




4; 


i 


\„ 














I 










i 






E 






E 




l-to-2 
Dec. 
(0) 




l-to-2 
Dec. 

(0) 
































l-to-2 
Dec. 












£ 






4 










l-to-2 
Dec. 

(1) 




























4 


















E 










E 




l-to-2 
Dec. 

(2) 






l-to-2 
Dec. 

(1) 






















































E 






l-to-2 








(3) 



o, 



(h 

3 



o 4 

O s 



O: 



:n ^jju 



'&> cs " a J^ ^ A? 3 r 



«b jJJi j (4-to-16 Decoder) 16 Jj 4 £ji <y S_yL4 iiU ^b U>jJa ^j 

.(3-to-8 Decoders) 8 Jj 3 ( T ) 
.(2-to-4 Decoders) 4 Ji 2 (v) 
.(l-to-2 Decoders) 2 J,} 1 (^-) 
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(Encoder) jHl\ - 5 

.(Decoder) a^LiJl ill* Ifpjj ^1 iiJijJl (J Sj- tfiji (Encoder) yiiil jLi ;w~i!l ^ tw»Ij y> US' 

J^jJl i_iljJal ^y. Jaii Jls-Ij jjSC j i(Input Lines) J^j ^->\Jh\ ixs- U i^jik^. Syb jf- ijlj- yttil jl tt-j5- 

»jLp SylaJl ^-^ .0 4jjL~« is** f-'A^-J ji- JjSj J^-JJl ^iljJal 2uij b.| tl ljjL~« ^1 t(Active) LLs-io a-ifc 

.JiiJl J^jJI ^}> Jii (Code) 5>A ^ 

(4-to-2 Encoder) 2 Jl 4 ^ y >sl v^l Jj- 1 ^ j ^s^ 1 -kU^ii ^L. jj 



(Input Lines) 



4-to-2 
Encoder 



o^Li 

(Code) 

l 



'3 


h 


h 


h 


c, 


Q 











1 














1 








1 





1 








1 





1 











1 


1 



IajJlP j l-kls lij\ji\ Ls^-jJl oVUfc^l -US jg,b" tj^2lii <_->ljV Jj-^sr jJ& o!>lpl 7W5_jil <_^lj^2jl Jj-ksr jl J23-V 
i_^lj«,all Jj-kr Ul . tja>»' J^-^' i_iljJ»l /^ "»» Jl»-Ij i—ijja jj>o jl -kj^io yijuil J-^P ii^is jl C~^- <-**Jj\ 

sjJl^- jji-^iy »jU<- Lgj^> ojjljjl j^p l^o JLj^I 12 Li JjLxII r- ji-\ ij^-i jL«i>-l 16 ,JLp ^jZ>*^ J-^LSol 

.(Don't Cares) 

MJikdl Oijujdi 

j^ocJl 4jL5v1s ,(^JuUj jjP <_->aL*b ^sa^xil v_jI waJl J «Jjr /-• OjJiL^ 9jii^t->=J.I <L«jaiil o>Ij>jcjI 4jL&j La j*5^-~" 

sJ^4 1 ,L>J j tl S 'I /»p v_jI a-i^aJl (jj-Xsr (J jjiil oLii [U~"l c^sx^j 7T J*~\ ^- J ljy>-- a /y* j^*-* j>*-L j «ia* , ^J.I 

olj>*X* J2j J ^ tt-^i a^2jl JjJjv y Ja^JI L r«JiJ (j 1 <S ?L—o (^-LJI L^-Ul jyC« -l^-b (*jAJ sf JM jyCL« • li**! 

.OR oLLu<j ,»2*JI L^vaxj *^ &X& L>-_l!l 
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c = / 1 +/ 3 

Q=/ 2 + / 3 



j . 1 IjjL~« 7 3 J^JJl ^ija jlf lil jl 1 b jL~« /j J^JJl ^ijJa l)IT lil 1 <^jl~o C jr^l jji^ jf <^T 
. 1 LjjL~. / 3 J^JJl ^i> JlT lil jf 1 b jL~. / 2 J^-lll ^i> jlf lil 1 yjjL~, C, ^yU >^> 

*3 *2 A / 



1 1 
1 1 

1 1 

(I 



c n 



c, 



,7-jjU i-il^Jal j-Uj OR obljj /^ 4^-j^si /^ L»L"I jjSc5 yLi^JJ 3^iLdl SyljJl jl Ji^M 



j-Ip jlT lili .ojJ iJoJ ijki* jk^S.\ J (Input Lines) J^--*Jl uiljaf ^ uija JS3 j^SL jl u-^ -of Jas-^ 

jf ^ Jif jj5C jf u^ J^JJl i-iljof jJlp jLs JUb j t 2 W ^bil ol_>LiJl j-U- jLs A/" y> rj~\ J>\Js\ 

, 2 b ftb-wfl 



Ijii ^j& i--jj^j 



c^l^aJl Jj 


Jjsr ^J OjJib> a*5lp-l i?«VJjil 2 (_i| 4 p JJ 


•^ yijuil SjjlJu 


ij+qXAM 4 ; flh;U olj>ocJl 


AjUSo bUl3 


Ol rujCjl jr^-AJ 


Jl Jj-^jii (^JuLkll ^^Sfl f- bJl j^l <~ 


) jljail . iJXAjS 


: juir diJi j 

, L.I&I l_<lj*2Jl Jj-br 


CO ,.,^'7'Sxil 

jbiJl • 




. (Sum of minterms) c£>^ 


i jjj-l «- j^Sl - 


'.ijj*/i J? s^aUAl c^Ij^ocjI 


^jUT • 




. (Product of Maxterms) ls j&\ >j 


-bU l^jj^ia - 








. jJjlS oljajg^ # 


Lb*ei*lb ^j3jy*2. 


il ^ J Ukdl ol>jcil 


hu„,; • 
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:i2 ^„jx 

3 til 8 ? y (V* ji^i "Laiaiil SjJlJul »— »jl j i^ijadl oIj^jcJI i__JO I <■ t<_->lj),.,^Jl Jj-l^r j »)?;ll jajasxll 7=-/=j 

.(8-to-3 Encoder) 



(Multiplexer) g^iaJi - 6 

.(Select Lines) jL^^i i_ilj»f 42-Ijj ^J~^. *^y (♦■% c^-^' J^ 1 ^j° jW^ 1 ^ j '£j^' '~ > ^ a 
(4-to-l Multiplexer) 1 Ji 4 ^jj ^ gAxJ <^\ya!>\ JjJt* j J>^1\ Jaja^ii ^ L. j j 



(Input Lines) 



(Select Lines) 



I 'i 




(Output) 



5, 


So 


X 








h 





1 


h 


1 





h 


1 


1 


h 



aUil 7w=jil (Rotary Switch) <sj\^>\ r-Uiil J^*j *t*lJdl J** <u~~; ^So; j lJm> 



h - 

J 


;*-•-», 


l l 


r*--« 


h - 

1 


* 


ij 
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' i\f,[\ jyid\ 



X — .SjAg/g + b l b I l +b l b Q I 2 +b 1 b Q I 3 

x = m I + m 1 I 1 + m 2 I 2 + m 3 I 3 



, S l j b Q jW^ 1 <Sj>^ (minterms) ^sj^\ jjjJ-I ^* m 3 <. m 2 tm, * m 



5, S 




|4,,,fl|?,;,ll o^jljjl 



^^ 



A 



:i3 ^yj 



1 ^J 8 p y ry t"I-u XJqom ayl-Ul ***jl j Zh;\\ j>ocJl ojI f ti-jiwiil JaJ^- « 5)?:U jajasxll 7w») 

.(8-to-l Multiplexer) 
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(Enable) ^uJi Ja* 

J*p JOajl ^jt <.Aju \*S jr-UxJl Jas- iijij j .(Enable) ^-Lc -k£ hjy ~j>\a}\ jjS^j -ii jL^Ni J*^. j 

.jlixilS' L^liJij CS-^JJ Ob Li ^U-Jl jl ay I Jill 




£ 


Sj 5 


X 





X X 





1 
1 
1 
1 




1 

1 

1 1 


h 
h 



' a,k;ll jj^cJl 



A LjUi Oq/q 1 Lli kJ *lJ r*l , "T Xl/lJi (Jni') 1 HiO tij r\l -> 



X — h(b l b Q l + OjOq/j + i^iOq^ + ^l^o^) 



41 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



1 4. ; .a,k.dl syljJl 



E S, S 




5, 5 



"1 



.Ja-of USf JjVl y J-tfif v 1 ^ 1 v' 1 -^ 1 DT twjIjJI ^ 
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1 ^J 4 f y ry 7*-*\s i3'~^ > ~J -J <lr >J '- '"^~* ■JV' i^ t - J ' J *"A>- J s-W Sjyu^Jl te_«I_UI ol-A^-j /*« J-l^ Jajj (j^J*. 

oliat ^ r y. UT t (8-to-l MUX) 1 Ji 8 ^ ^ g»b t U (4-to-l MUX's) 




,»jj>l^2jI olJL>-Jl tju L« (_£ jL-CjIj 4£-jy Ojj-SJI «-L>-jD Is-jjl i_Jljj»l .1 
tl^Jajj <_j^ijall SjouaJl olJi^jJl tf> oJi^j JT J j^Jij" ^>\ jL^-Vl ^iljJaf .-A j tLjJJI jLi^l i_Jl^f .2 

Ju ^ iji-SJI s-b~jjl ry 1 ,J,I \-fr>rj>- jij£ *2j ^Jl Sjjiu^jl »-b~jJl jLs^l (J f-b*iw«j ^JLp-Vl jW-^^' t-Jjh .3 
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■ 1 til 8 £y J/ ^"b S-LJ 1 J,i 2 p jj y t^Ij ol-b-j Jajj ii^Ja pbj 
UjUj v-JjiJail «ji->Jl a-b-jll L^-JlSI ^JljJal J-U- j j.hJl j 4^>JlS^J.I ij^i^ill s-b-jll J^--Jl <—}\jh\ jJlP 2u jLajT. 




Lie Li Jaii 1 Jl 2 f j^ y £*b olJi^j j«lJu^u*lj 1 Jl 8 fy <y> ^UJl jL \jy%> jLT lil o^lpf jLLl J 

jjfc Li' tl Jl 2 e jj y tvIj Ol-b-j j»IJu^jL JajjJl (J j»Jls^uJ.I 1 Jl 4 f- jj y ^"l-lil s-Lj j»jij jl ^1 



»lol 



Tt^j^ 
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h 



h 




:i4 ^ijjj 



'■tj & £° 



J OUs- 



j ^u*x«.Ij dJJi j (16-to-l Multiplexer) 1 Ji 16 ^ y ^b s-Uj *h}> £->j 

.(4-to-l Multiplexers) 1 Jt 4 ( T ) 
.(2-to-l Multiplexers) 1 Ji 2 M 
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(Demultiplexer) iij*i* - 7 
(.(Multiplexer) ^Ull I^pjj ^Jl uJi^Jl ^-5^ ^jjj (Demultiplexer) J^iil jl 4~«~-Ji ^ ^->lj 

.(Select Lines) jLa^V i-Jljtf aja-ijj J^-^Ij aL^j; ^ ^iJl gyi-l i_ija jL^l ^ j <£jiM 

(l-to-4 Demultiplexer) 4 J,| 1 £ji <y> 3y^ <~>\yAi\ Jj-^r j L5 ikJ.l iaJa>J.i Jj L. J j 



(Input) 



(Select Lines) 



l-to-4 
DeMUX 



O 



(Output Lines) 



5, 


So 


3 


2 


01 


0o 

















y 





1 








.v 





1 








v 








1 


1 


y 












alio? jw^jii (Rotary Switch) (^jJUJl r^Uiil J^«j Jyili J*p <u~2J ^So^ j II* 



I'- - ' 



o 

03 
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O = S 1 S y = m y 

°\ = s i s oy = m \y 

2 =S 1 S o y=m 2 y 

3 = S y S y = m 3 y 

, 5j j S Q jW^V ^-£*^ (minterms) ^sj*^>\ j jjJ-l ,-a m 3 <. m 2 i/n, 4 m d~>- 



:^Jkii Sjjuii 



5, 




a 



0, 



0, 



03 



jl £*| U ct-U^ _k£ Jjy 4 J) 2 f- jj y eyLA illiJ ijjaill ayl-lll « Uli JjUai" *,.,5)?,dl SjJUll eJia jl Ja»-^ 

J^la JIjli^I, jJJi j t^-le" -k£ jj>« 4 Jl 2 ^ y 5>i i5UT <ulJbw«.l ^So:. 4 Jl 1 f _jj y Jjiil 
. £■ c u„ii _k£ j J^-lil «_>> JlJuzJ j c A, j A„ Jlj^Jl j> 5j j S jL^^I 
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:i5 ^.j- " 


'-U 


cs 


Jjii 


4,ak;ll 


syijji 


p-jl 


j SjS^dl 


.(l-to-2 Demultiplexer) 2 Ji 1 ( T ) 
.(l-to-8 Demultiplexer) 8 Jl 1 [J) 



JUl jSLiJb ^iyi y> US' 8 Jl 1 £^ y Jyi* fr bJ 4 Jl 1 



l-to-2 
DeMUX 



l-to-4 

DeMUX 

(0) 



l-to-4 
DeMUX 

(1) 



o 

Ox 

o 2 
o 3 



o, 
o 5 
o 6 

o 1 
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jil rs^oy y* LS 8 (J,}1 f- jj y Jji* sLJ 2 J,} 1 f- y j* 3yv> ol-b-j 4 Jsjj jj>J>. L*^" 



5 2 5j 



l-to-4 
DeMUX 




O 

a 



o 2 



o 4 



o 6 
a 



:i6 ^ya 



.2 Jl 1 f-jj <y (Jji* ol^s-j j»IJj^u-Lj 8 J| 1 p y <y <ijv> s-I^j iija tw=j 
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'.l~»$J\ iJiSjl J (Data Transmission) oUUl JiJ DbjL-f o*-jj 

.(Parallel Transmission) ^j'j^' ,_J> J-SJl . 1 
.(Serial Transmission) JljJi J* JiJl .2 

: (Parallel Transmission) t^jijJi Js- JiJl 

Jx! (ciiL") J-^j-* ^y^} !■*■* s-U^ j ■tij'j- 1 '' J* »>a>-Ij **■" bits il j-* i£j~^ Ji ~j i_j_J-*"yi 1.1* J 

*^j JIp i jlj^S\ x^r\ ^lil ( ^j^S' c^ti-o (Ground) ^Z>} S^y t)i ^^1 c^jAAl bits — il y bit 

fiLol fc^> y> jjfc Lo cO^A^al! 



Bo 



5, 

*2 



s 3 

GND 



oULJl Li 4j^-*i j*-^ j j»Ji^ : =^~il J-s^' iiiSsJ ?- UjjI <ujt> jjSo j ti^-j-JL; oULJl Li J t_jjL*Vl IJla jbs, 

.SLjJa oLsLj. 

« J S'IJill j (Processor) A-Uil Ji* ziibwJ.1 ajIj^I j^j ^_>j^U-I jL$>- J^b oUUl ASj J ^^J—Vl IJL» ^Ju'ti-u 
.(Printer) ^UJl Jl v>j~^i jU* <y ^'W J^ j f-^^~i ^ '(Bus) JSUl _^p (Memory) 

: (Serial Transmission) JljJl ^U JiJ l 
sLol Ti^py y> l»S' tjs^-VI _Jj l-b~lj bits Il ry> ~*s-y>£ JiJ -kii j^L^y »ljjti^l »jj v_)_jL»VI IJl* <j 



S 3 S 2 S 1 S 



GM) 

->LsL~i oLiLJl JjU olSL«l j »Jb«*Jj J^-ll <UJS\j ^Li^b jbi. 4jl V} tsJaJl <*^j<j oOUl JiJ J c-jjL^I IJLa 

J <p^„Jl jj5nj Ujop |«Jij^~j US' c(Networks) ^y\J~\ olSLi J oULJl Ji; J ^^^L-Vl I-Ia j>Oj^~-j 
«_^U-l jLpr Jl (Mouse) SjtiJl j (Keyboard) ^JUli ^_J y oULJl Ji Ji. 4jjlk« j>p oULJl Ji 
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j 



US' L S^i\ j\ Jljj Jl tijljj y (j^ijJl fUaJl J^b ^jiAl oUUll Jj_^ b^jJlk* jjSL Ji jU^I ^^xj 

Js- ^y*\J~\ jLpr y oUUl o^l J^iu~j d~js- ^(Network Interface Card) *SLiJl OjS' J^b <i 

Jl t^jljJ y 2jjiJ.I oUUD \ty£- lA»s- i-\j>r\ ,y La Ju*>U ■ JljJl ,Jp 4X~iJl US' js- LjU^j j L^jlj^l 

o--JuJl AjP jV" oULJI jLa.ii.nl -Up cc£jUT J| J'jj (V Jij^^' c£' t"U~>j«jl <uU*Jl tSj>r\ < j£ Us ■ J'jj 

L^jljj" <y Jj^^ll J ^>ljJl »U>W»*I jSoT. £->- i jyiil j £*UJl {ft JT jjJ Jb La .c^j^li- jLpr Jl Ljiij 

aUil 7t->j^ jA US' ic£jljJ J} JjjJ y JiJ^' j iiyi!>l fl-i^i^l j C J,Ijj Jl 





5 


. s 







s 


. ^ 







I 


4-to-l 
MUX 


S 3 S 2 S 1 S 


l-to-4 
DeMUX 





1 




1 




I 


J'y 




2 

> 




3 

















GM) 



B, 
GND 



i B JjSll s--i!i JUjl ^xj U S, j S,, jW^V ^^ t) 00 ^"^' £^ J^~-^j J— ^' 0-* ^f fjk ^r" 

LiiXAj S, 4^-iJl JUjl ^^xjbi? jU>-^l ^Js J 01 2UJJI *->j *£> La-Uj 

5-flkdl jjljOJI ,».j.a-AJ ibOj <jjs> - 8 

?4Lju (t-^o-saJ 3js Jj rb^ lili ; jjs> u» jaJJi Ji jjL% as ^JJi Jij-Ji 

ijJlJiil s.L J ^.b^u-il ^Uajaxll obl_^Jl jJls- JJU Jj ^UVb lJJlI SLaiaJ.1 yljjJl *_j*^aii IaU*jJ ^Jl SjLjJall 

("LSjaiil jjl jJUl x^y?" (j jfl.ifliQ *:,.,/u> (j »s~« s^JlJlil s-L jlS lij i^-UU^I IJla 7tU2j j .e^JlJUl <ul>J JJjL) 

jJlp tiiii j t(^Ujj^ <ui oLjL) 4^UVl LiUj5L« ,y» syljJl J.UJ S^j">Ul obl_jJl r^~ai sJU-l oij^ Jj ^ c^=^ 

4^;jJ« uJUxj (*-*> Ij^l J ta JlUJI ?.Uj ^z*J! 1 g s^ajc ^ oU «JI ^Uj -lajj jWj ^ c jjSO-v—JI /_« fijyu^ ^4 J* tq&*# 

d_^i> \*xj- AjjJ^i\ «i4 s^jjaiil SjjIjJI jL j»i j .(Integrated Circuit) iUlSsi* S^sb j5Li Jj jj^LUJl 

8jjljJl y ol-b-_jJl /-• JjAsi JJ^- _j> i—JjiJail jlS' lij LI tSjJlJlil liiij -^ 0>l-b^jJl y jip J-lP ?-?*A> bjiis^ 

ijtijj^ OjSvJlw La aJu>-l J I oJj- Jl /rLJ iiiS^j jl ti~^>- i ( JUp jS- Ops. t\'° •><t>*Zj> n\,A' ij SjJlJul diij ,»~v2J jli 

J^-i J) ^.J 1 ^ Syjill «JJ!>Url 3Jkdl oUjJl j»lJe>d^lj oVU-l oJlA Jt< J ^5ja.dl oyUjl s.L j^ diiJJ .4jLJJ 

LjL4 SyjiLl iLlS^ll jJljjJl diL" y U«j ^^ JUl JSLiJl j .(IC's) 4LlSo« yijj 
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W 






W 






W 




YOU 




3 Vcc 


AO[T 




J3 Vcc 


AO[T 




m| Vcc 


A0[2 




HY2 


BO [I 


7400 


01 A2 


Y0[2 




HA3 


BO [7 


7402 


HA2 


YO[I 


7408 


HB2 


Al[T 


7404 


HY3 


Ylg 




TT]B2 


Al[4 


7432 


n]Y2 


Y1[T 




n] A4 


Al[T 




KJ|Y3 


Bl [T 


7486 


Io| A3 


A2[? 




io|Y4 


Bl \± 




l]A3 


YlQ[ 




?]B3 


Y2[? 




9]A5 


GND[T 




1]B3 


GND[T 




I]Y3 


gnd[T 




I] Y5 






4L>£sLl fl^lJljl 


\ibjMi 


7404 


Hex (6) Inverter 


7400 


Quad (4) 2-Input NAND Gate 


7408 


Quad (4) 2-Input AND Gate 


7432 


Quad (4) 2-Input OR Gate 


7486 


Quad (4) 2-Input XOR Gate 


7402 


Quad (4) 2-Input NOR Gate 


7410 


Triple (3) 3-Input NAND Gate 


7411 


Triple (3) 3-Input AND Gate 


7427 


Triple (3) 3-Input NOR Gate 


7420 


Dual (2) 4-Input NAND Gate 


7421 


Dual (2) 4-Input AND Gate 


7430 


8-Input NAND Gate 



(Power) V 1 -!^ 1 »j-^ aJUlSssl! iJ\Ji\ -AjjjJ li> U* GND j Vcc 

f.Jbw--. ^ J>Ja}\ jl <jjf (No Connection) £«J NC 

^ tyjJU >jJi <_»!>? ^» .... .CO <B0 iA0 

^j ^ijJJ £>l <->> y YO 
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Ct^js. AND oUjj j ^7404 aJUlSdll S^JIjJI JL^o jt :ukdl ^-Sl^i "te*i .(I.C.) al-lSo. S^sb 

j <7427 iUiScdi SyljJl J L^ ibC jt J^lJu. ij^ NOR oU^ i <7408 iUiS^li SyUJl J L^ hoj jt- 

.li£* j ... t 7420 si.l5^Ll S^UJl J l^ jl^J] jt J^-U. i^jL NAND oU^ 

ojJs.Url oUjJl MOs^U-Ij i.*^ tSJUl 2u«Jadl aylJill sb lOjl liLs 



5 



C 






3> 



:jl c b^L;li 



(-x7404)uk, u -SV3 - 
6 

(-x7408) l >l^u.ANDoU«3 - 

4 

(-X7411) J^U* 4J^ AND h\ y , - 

( -X 7402 )uiU jut. NOR ty« - 
4 

(-X7427 ) J^u. 4i">b NOR ^ - 
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. L^a«iil 4^-J tJs^ -ys Sjjp i>-L~« IjL-io iUlSjil jjljjjl /y Jjjdl iJLAj tiLalSo* _/l ? J 5 iJ,J r- ll£ Llil ^51 
(IC's) 5L»l&Ll yljJiil J-U JJi" Jl ^L-Sflj lJjJ 2LiJadl yljjll 2jjJb *-«waj" <ij^ y> j^l ^J-^ 1 0J| 

jv'IjJI j (Decoder) SyliJl iiU Jt< ajj&Url ^JajljJl iuSjadl jJljJiili j^jci-j aJj& aLjJi ~^»*aiJl 

.(Multiplexer) 

(Decoder & Encoder) _yLL» j ijLi> £\i ^lOAa-ib j*~wdl 

jji»i^» j ayti iJls j»lJj^i^lj alol Li <_-»! 4v2jl J «Jjr- « a,b;ll jajajxll vc^ayS 4 ; a,b;ll ay I Jul . ±n •/>" i^jDail 



A 
B 
C 



# 


A 


B 


c 


X 


y 

















1 


1 








1 


1 





2 





1 








1 


3 





1 


1 


1 





4 


1 











1 


5 


1 





1 





1 


6 


1 


1 











7 


1 


1 


1 


1 
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' i j- ■, / *' f " ol Ja^- 



(Sum of minterms) cSji*a)l jjJlJ-I ^^A i Jr ^ J M^ 1 ^Lfc*^ 1 ^bSL f j^; . 1 
x = /(A,5,C) = £m (1,3,7) 
y = /(A,S,C) = £m (0,2,4,5) 

4.,.i,k.dl SytjJJ Ls^jJi cjIjjjcu jop c^jL-j <d (Address Lines) jij^Ji Ji\Jo\ jJlp S^jLA i)U Jj ?-bu£ .2 

■ 8 (_ii 3 p jj ,y Ojji-i iJLs (^1 tL^w«-^2j i^jljail 

SIpIj^ *^« tSyi-iJl iJLil Distil uil^Jal (_}l Lj^-^w2j i—JjiJail iJLkdl iyl-UJ J^--Jl Oiljji> JUoL fjij .3 

iJli j^yj t (jly*Jl <_il>T J MSB _Jl Jl 4JU0I i__£ J^jJl ol>^ J MSB _Jl Jl yjf) u~J^I 

aliil T^y y> \^S caJ rjil ^Jljisl j J^-jJl oljycd. (minterms) cSytsfill JjjJ-l -JuJji isyi-iJl 



c 

A 



3-to-8 
Decoder 



m n 



m. 



nu 



777, 



//;, 



777, 



777,. 



777 7 



7-jji-l 0>IjjjCL« -U_jJ 4^»hil (^yt^ill JjjJ-l *^ ,j OR obtjJ (*-' 



c 

B 

A 



3-to-8 
Decoder 



Encoder 



777,, 



777, 



777, 



777, 



77/ , 



777, 



777,. 



77/^ 



■2 Ji 8 %j cy L^ Jii L^ OR obljj ji Ja^N 
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J^U. *£ASj OR oLiIjj • 

J^U. ajujL OR oLiIjj • 

iSj^ US' ROM SjS'li ^jlu yLidl j SyLiJl ills Js- iSyi- (I.C.) iL.L^i. SjJb Jlttjj" 4jli y»Vl a5Ij J j 

, -X*j U-^ 

(Multiplexer) gutoJl flOsfcu^ (»_wdl 

7c^lj j'l-ljit.i^L; eLol Li <_->lj^2jl J }_l?r • 5k: ll Wh"><i,l ^c^oAS «L3j2iII SjjIJul .;« y?" VwJiLUil 



A 

c 



A 


B 


c 


z 




















1 








1 





1 





1 


1 


1 


1 








1 


1 





1 





1 


1 








1 


1 


1 


1 



T- 



.«■/??)! O 



'jJaS- 



v_>jJLiail 4...5jr?.dl Sy'ljJJ J^jJi oljUcn iJiP c5ji~o aJ (Select Lines) jL~^l ijl^t j.xp «b Jl r- b£ . 1 

,<^JSjA\ i\s-\y >u> ij^lJllI jLp>-Ml i Sl^isT ,J,I L^-^waJ ^Jjijail iJLkdl aylJii LatJlJl oljjjda J bob *yu .2 

,7t<lJdJ L>=-jlJI i_iljJ»l ( JLe i^^jjJLi L^jt^aj j «_jlj^iJl Jj-V?r /^ ttj^' (»-* -is-b .3 

,«|jjj r- jjLl i_ijJa -^ <LajgjJ SjJlJlJl r- jS- -b*-b .4 
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^J,LjI IS^JujIj Tt^y jjt> Lo 



ABC 




. Ui>. iAs~\j idalSo* ij\i J} 2j.jiJ3.dl oyljJl j.hJ La Ujs^-I OS Lit Ji>-V 
jiSl sylJlii jlS' lils cO^I_jJl rji-l ^ijJa olj jJljJd! TtUaj 4-ikdl jJljjJl **«-s<2J j s->_ji~-^l Id* jl UflJ Ja^M 

.7-yLl ^iljJal ^y ^ijJa JSJ j^l-ll g\s£ Jb-lj 7-^ ^i^Ja ^y. 

.1 Jl 4 f- jj y 7"lj (»IJl>CU*Ij J>J> j sMc-l 4.,i,k.dl SjJlJLil (J «j!; »^-^2j" j^l c^jijail 



1.1 ^* ■."*" Ol da^- 



v_>_dki.l Ajijadl Sy'ldLl J^jJi olj>i^ j-u ^ Jil 4J (Select Lines) jW^V ^'J 3 ' iJlP j^'- 5 Jl r ^ ■ 1 

J-lP OL^aJ bjL~a Jj^vj li* jv'IJlU J^-jJl ^iljJal JJlP jl dw-V) 1 J,} 4 f- _jj y jyb <^1 (Ju-Ijj L$^*-/aj 

,(<_jl«^2jl J J-k>r J&*"\ 
JjJjt n-~~JU Jl t^JjJ Ijf Ct_jlj^2jl Jj-^T (j J^-^l Oljjii* 4-ij ^ A (de-V J^-^' Jj*~* lU^ij j*J^ '2 

A = 1 V j Ji— ^1 ou^dl j t A = Vj (J^Vl O^aJl ItjjivaJ Jl <_jl_^ajl 



57 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



A 


B C 


z 










1 

1 

1 1 





1 
1 


1 
1 
1 
1 




1 

1 

1 1 


1 




1 



(J^-Vl J^-Jl ji^> j Z 7: r~\ j^" uv.^" *&&■ ^y^ diii j h—jIj-^sJI Jj-i^r ^y U~»Vl (JlvoJI Js^m\ ja 

qa fciJliil jk-Jl iijliS. j 4 2 = L)t Jl4 Ji-Vl OL^dl ^y. jlill Ja-Jl x-. ^Vl OU/dl ja jlill yi~Jl 
JLpfy ou^Jl ja p\J\ J^J>\ Vj\i£, j <. z = A il)f Ju4 Ji-^l ou^Jl ^y liJliil y^Jl £. (^Ufyl UwaJl 

.2 = 1 jf Jl4 Ji—S 1 ! ol^sJI y. ajIJI jkvJl aa 
slfrlyj /la i*la\A\} jL^-^I <—i\Jo\ J,l Lj^-w«-^aj vjjUaLl ■Uiladl ayl-UJ LjjJl J^-lil oljjiXa Jl^jb fjjii .4 

.^IjJJ J^jJl i_ilj»f Jl s-~0^ 3 SjJa^-l j l&J; L^Ujj" («Jl oli%Jl jL*ob * jit .5 

.w^ljJJ r- j^-l L-Jja sjA <LaJadl SjJljJl r-y 1 -i^-li .6 

jiuJ! LSwJu ^t^a^ t& US 



B C 



7 =A 



/, =0 



I 2 = A 



/,=1 
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:i7 ^„jx 

!j»lJi^^~»l; Jjjj j talol Li <_jlj^iail JjJisrj 5j?;ll lajaafcll 7s->_jil SJijgjJ SjjlJill <■«../? 



fi 2 


«, 


S 


y 











l 








1 


l 





1 











1 


1 


1 


1 











1 





1 


1 


1 


1 








1 


1 


1 


1 



.(Decoder & Encoder) jL$*> j ljJi> iili ( f ) 
.(8-to-l MUX) 1 Ji 8 £ji j- g-b ( v ) 
.(4-to-l MUX) 1 Ji 4 ^ <y ^.b ( c ) 



Bn 



B, 



B, 



(J L^l-l^d^l /*?Jtj /%JI • t5-LjL» i_ijUi j sbb j*jij /yl ijajl^jl -LJiJajdJ jjljJul ( Jsu<j ^Lc- 5Ju>- Jl a-L* J5 Lijj<j 

olJ^>-j e-UJ jjljJJl oLu /y« sjjup olJi>- j -Isjj iijJa ^Lc- bijjJ Lo . LiUI-l^icu*! « L^,.,p y • yl «Jul aJLa 
LfM-bxi^l j Ujlj^i ^jS^:. ti_j£ (IC's) iL>lSo« yljj Sjj^> j LjL4 »yji« jSljJJl «Jla jl hiy- Uajl ,j£\ 

4.a,k;ll yljjjl liiij L^J *J>«i»«j iLaJadl yljjjl , ^../tri iijJj Js^is LuAxj IjoM j . 4 t ^i J Jl 4^JijVl *Uj (j o^L* 

Lit j (.(Combinational) ~*J&\j 4-ik^ jJIjj ^* j^l ^ L^w LbU; ^Jl i^ikdl yijjJl £**- jl j^l jjkj 

»JL*J Uo .j^jji-l oljyti« -v*J <Lih^« oLLu<j L>-_ul Cjljj>ti« Jsljj ^Lc- j .,^"5" ay I Jul "UJsj jV "UJajljJL; C~J^ 
,^-yLl |»J» L^jw 0>jj»u J^-jJl *J 0>jyu l« /~«i t L^jU <UU-I *J»Jl J* JaSi .Ujjtj ijajlyjl yljjjl (J jTjji-1 J' 

i^LiJl 4-ikiLl yljjJl j^ j JJijaAl jJljjJl /^» js'-Vl ? jJl (JLp (_iyciU" jyiil jV 4-JbJl «-b~jJl J; 
ti~w>- .(Counters) oblUl j (Registers) o^>U>~J.i j (Flip Flops) ^r\J.\ Ji« (.(Sequential) 

j^Jjl ^JLe Uil Ju>jj<j lil j tJ^JJJ aJU-l j^l ^^Ip Jaij Jl«JJ<j ^ 4.,.5)?.:.U jJljjJl j>i *• yi\ IJla j r- yL| jl i_iyC^ 

^^Ip yjj c_j4 SyloJl ( _ 5 ->b> jlj^-l A-kiv-j (Memory) S^fli *J jJljjJl ^ 9 yit 1JL» jl t5l -?r>^ siUJl 
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!(Even Parity bit Generator) ^jjJi ji^Ji fcU xiy lj\s 



p 


s 6 


B 5 


B, 


S 3 


B 2 


S. 


So 


, 


I 








1 










^ 


1// 




\j 


J 















So 
s, 
s 2 
S3 

s 4 
s 5 



=3 > ?3>3>- 



Ft>-t>- 
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!(Even Parity Checker) ^jjJi ji^Jl »J\s 




Error 



B 2 
B 3 

B, 



£, 



-iJ_ 



-i) 



-il 



-))_ 



-))_ 



Error 



.W -Xx-ji °te Error = ^ lij Uf cj^Jl j W diiU* jls &ror = 1 Jli OlS" lil 
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!2 i j j-ij 




o- 



c 



!3 i -j i-ij 



A fi C 



Q 
Q 
D- 
D- 



S> 



^^> 



c 
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B C, 



n h ~l 



g 



Q 9 



o 



Q-^> 



c 
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:4 L-j,j; 



(Carry in) 


c n 




F. A. 

(0) 










4 


^0 






2 \) 






B n 










"0 




























F. A. 

(1) 








4 


J l 






1 






^1 






































F. A. 

(2) 








4 


i 2 






2 






6 










2 




























F. A. 
(3) 


c 






4 4 


^3 






j 






s, 










3 




























F. A. 

(4) 


c 






4^ 


J 4 






4 






&A 






































F. A. 
(5) 








A 


s 5 






J 






B z 






































F. A. 

(6) 


r 






A 


J 6 






b 






oV 






































F. A. 

(7) 


s* 






4 


°7 

r 






7 


(Carry out) 




5, 






^8 
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:5 



,JU 
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:6 



,0j 



G 4 


G, 


G 2 


Gi 


G Q 


Operation 
































1 


1 











1 





-1 











1 


1 











1 








-1 








1 





1 











1 


1 





-2 








1 


1 


1 


-1 
















A 













1 


A + l = A + + 










1 





-A-l = A 










1 


1 


-A 







1 








A-l = A — 







1 





1 


A 







1 


1 





-A-2 







1 


1 


1 


-A-l = A 
















B 













1 


B + l = B + + 










1 





B-\ = B-- 










1 


1 


B 







1 








-B-\ = B 







1 





1 


-B 







1 


1 





-5-2 







1 


1 


1 


-5-1 = 5 















A + B 












1 


A + B + l 









1 





B-A-l 









1 


1 


B-A 






1 








A-B-l 






1 





1 


A-B 






1 


1 





-A-B-2 






1 


1 


1 


-A-B-l 
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(l-to-2 Decoder) 2 Ji 1 £j & 5>i «}U ( f ) 



l-to-2 
Decoder 



a 



a 



A 


0, o 



1 


1 

1 



O = A 
0,=A 




a 



a 
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(3-to-8 decoder) 8 Ji 3 ^y & iy^ illi (v) 



A, 



3-to-8 
Decoder 



o 
o 3 



4 


A 


A, 


o, 


o b 


o 5 


o 4 


o 3 


2 


o, 


o 
































1 








1 




















1 








1 




















1 











1 


1 














1 











1 

















1 














1 





1 








1 

















1 


1 








1 




















1 


1 


1 


1 
























o q - A2 A A) 



O l - A 2 A X \ 
3 = A 2 A l A 



4 = A 2 A l A 

5 = A 2 A l A 

®6 = A2 A A) 
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A 2 A l Aq 






On 



a 



o, 



a, 



o, 



a 



a 



o, 



A, 



2-to-4 
Decoder 



On 



a 



a 



a, 
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A 


A 


3 2 


o x 


o Q 








1 1 


l 








l 


1 1 





1 


1 





1 


1 


1 


l 


1 


1 


1 


1 






o<> = A A 










oT = AA 










o 2 = A A 







o 3 = AA 



s^j' 



jj- 



(3-to-8 Decoder with Enable) £-lC Ja£ 8 Jl 3 ^ ^ «ji-i iJli ( I ) 



A, 
A 

A, 



3-to-8 
Decoder 



0„ 

o 2 



E 


A 


A 


A 


o 7 


o 6 


o 5 


o 4 


3 


2 


o t 


o 





X 


X 


X 


























































1 










1 




















1 










1 




















1 













1 


1 














1 













1 

















1 
















1 





1 








1 



















1 


1 








1 






















1 


1 


1 


1 
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Q = EA 2 A x \ 
O t = E A~ 2 AA, 
2 = EA\A^\ 
3 =EA~ 2 A^ 



4 = EA 2 A l A a 

o 5 = £A 2 aa, 

O 6 ^EA 2 A 1 A 
1 =EA 2 A l A 



A, 




a 



a 



a 



a 



o, 



a 



a 



o 7 
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(3-to-8 Decoder with Enable and Active Low Outputs) JaJis^* -kio 7ry>- J r-\£" Ja£ 8 J,} 3 9y <y iyH iJli (v'j 



A, 

A, 



3-to-8 
Decoder 



°1 
°1 
°1 
°1 



E 


\ 


A 


A, 


o 7 


o 6 


o 5 


o 4 


o 3 


2 


o, 


O 





X 


X 


X 


11111111 






































1 
























1 



























1 


1 





















1 



























1 





1 





















1 


1 
























1 


1 


1 





1 















o = £4AA> 



o, = £4AA. 



02=^^4 



O i =EA 2 A l \ 



O^EA.W 



5 = EA 2 A 1 A Q 



O 6 =EA 1 A 1 A 



1 = EA 2 A l A Q 
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e A A A 





Co 
0~ 2 

o 5 
o 6 
a 
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(3-to-8 Decoder with Active Low Enable) Jfric*^* -k-io t-Ic" Ja£ 8 J,i 3 f-y <y> iji^ i)U (77) 



A, 



3-to-8 
Decoder 



o 

0. 

2 
03 
04 
05 

o 6 
7 



E 


\ 


A 


A, 


o 7 


o 6 


o 5 


o 4 


3 


2 


o, 


o 



































1 











1 




















1 











1 




















1 














1 


1 














1 














1 

















1 

















1 





1 








1 




















1 


1 








1 























1 


1 


1 


1 























1 


X 


X 


X 



























O = EA 2 A l A 
O x = EA^^A, 



2 = EA 2 A X A, 

o 3 = ea~ 2 \\ 



4 = EA 2 A l A a 
O^EA^A^ 
O^EA^A, 
7 = EA^Aq 
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£ A A Ai 



Y 




a 



a 



a 



o, 



o, 



a 



a 



o 7 



:io 



,0J 



3 


e 


A 


A) 


3 


o 2 


o x 


o 








X 


X 

















1 

















1 





1 





1 








1 








1 


1 








1 











1 


1 


1 


1 











1 





X 


X 
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00=2^44, 

2 = £>oA4 

3 = £> aa 



E £ A 
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On 



a 
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o= 
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2 dl 1 l_J> Cj* V^ &* y'j^ flJbw-^ 16 dl 4 ^ <y »yj-i i5tt jb (^-) 
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:i2 
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8-to-3 
Encoder 
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1 Jl 4 ^y <y> £* b ola^j j»l. 



: 14 u-jjJu" 

^ 1 Jl 16 £ji <y ^b *b ( l ) 



So Si 



s 2 s 3 




x 
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:i5 



,JU 



(l-to-2 Demultiplexer) 2 Ji 1 ^j ,y 3 Jo- ( f ) 
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(8-to-l MUX) 1 Ji 8 £ji cy g-b f U*u.lj (v) 



fi 2 Sj s 




(4-to-l MUX) 1 Ji 4 ^ ^ ^b f u^b ( c ) 
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Sequential Logic Circuits 4-*»Ld' SJkii J\jJS\ Il—oUM ao^-jji 

■^ 

(Sequential Logic Circuits) ouldi vJadl jJljjJl . 1 

(Flip Flops) £?r \ J.\ .2 

£f\Ji ^. 1-2 

(Clocked Flip Flops) ^Ijdl j^IJJ 2-2 

(Master-Slave Flip Flop) gUl- osUJl c U r 3-2 

(Direct Inputs) ynil J^jJi i_il>T 4-2 

(Two-Phase Clocking) j>Jl ^'LJ ^Ijdl 5-2 

(Registers) o*>b*-~il .3 

ot>U~ll fr b 1-3 

(Write and Read Operations) L$j> h\Ji\ j o">U^J.l j ajUSOi 2-3 

(Register-to-Register Transfer) o*>U«~J.i jv. ^ ^'W J^ 3-3 

(Shift Registers) *>-IjV1 o}U™« 4-3 

(Counters) oblJuJl .4 

oblUl *b 1-4 

(Up Counting) LuUj .uJi 2-4 

(Down Counting) Ujb- .ull 3-4 

(Up/Down Counting) ^14^1 J -^ 4-4 

(jyw JJlhJ l y**i* -Xj«jl 5-4 

u-Jjj <^\j JuJl 6-4 
sJU-l ^J&\ Js- Jaii SyljJl ^^ x*zu l$J j (.(Combinational Logic Circuits) "^)J \j^* J\j* 

4^<jLxJ| <LJjJaiil jjljJul j> j iJiJaJ.1 jJljJul -^ j^^l p jJ' (J* i-3yc^~i i-b^jjl eJl» ,j \j>\ t J^-Jll 

obll«Jl j (Registers) o^Uw-ll j (Flip Flops) ^jsrlJJ Jt« c (Sequential Logic Circuits) 

.7-^^JLi SJLLJI (^jiil ls Lp Uajl -Uixj Li} j 'J^-^J ?JU-l *-jiJl jJLe iaia r j^-i Jui*j N L$J j c(Counters) 



1 
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jj5uil £->te^~j it~;£ sjjIjJi t- J- siLJl jr-iJl jlj^-l AjJai-J (Memory) SjS'li <d jJljjJl y f-jJi IJL» jl <_sl 
SyloJl 7? j*- ,y (Feedback) 5Ju^« 4jJL*j j_^j y> i^j^Jl SjJiaIi ad* jj^di <J u-**"^ j -J.^' ^"j^ - lf^ - 

(J l^j^i L*jiSI j 2-xjbJl JLaJaxil yljjJl f- Ijjl (vJ&V ,la,.,.w« Jpj*>. »Jl?-jJ| ada (J ("j"^-" ^-^^ ■ Lfr^- 5 J.} 
Jj t^ljjajljjl <UajaJ.I jJljjJJ i™Jb bdxi Lo t l ; .i^a"llj 4^o<jLiJl <tjyadj jJljJul ,- ? ». ¥ 2."J .^jjCJ ^J j tj»l-l^ : t^~"Vl 
yljjjl j.Uj (j 4^L»"^I sJL>- Jl 4^»Ij-Vj La iJLi . 5)?:U , ; » i,^:ll (j »jjix* j? 1 ! jyd A-J^.,^? <?tM A^uljJUl ad* iJ^LUx 
j iiksdl l^e-ljjl j UL-* - iijjJa j U?bj /^j«>ji j»jiJ d~4>- '(Flip Flops) Tsorljll ,_» j 2u*jbJl 4.,.a,k.dl 

«s.lji)l j L$j 5jb$JI 'LuLS' j 1$jL> rt^hyt ?y6 ^->- (Registers) o^Msk— ^JJ Ai^J f .9- y J5' cj\j>\s>*^\ 

J j .UL*J.I Lfel^t (Shift Registers) zb-lj^l o*>U^~« JIp i_iy<i US' tUio oULJl Ji; s^LT j U^. 

.UUIJlj^u-I j iiksdl UpIjjI j IjjUj ,_dp ^iy«i cu^ t(Counters) otalJ*Jl .J* <_iyti 5-b^jJl kU 

!^Lp ijjii jj>j ji ,j<~j o-i^-jJi «da 4^»ijj j* t jjIjlIi isy.y- 

,<Lxjkal 4,a,k;ll jJljjJl j ijajljjl SLajaaJ yljjJl Ju U JjjiJl • 
.LjJL-S- iijja rc-v^ J • 4jilx>>dl l^&ljjb T^vljil . ; i^" • 

,<L*Jyl i^JijVl fi-jo-s^j l5 f^^'^A' f>(JisW»*J • 
.^lulaJl iLSJadl yljJill JJ^ j y'j^ 1 oUala^ flJ^^I • 

.S~«ijJl S^Jaj^l (j L^«l^>cu*l j UL^- iijJa j^j-i j 4ik>J.I L^-ljjb cjIjIJjJI fi-^-^j • 

(Sequential Logic Circuits) ijwldl iikdl jJljJdl - 1 

4,jk^ jjlji j (Combinational Logic Circuits) X^j *~ZU^ J\js L .Cs^y j! ^kdi ylj-ill *~uif 

» SjJIjJI uJij jl Jl Ija ^^1 li4 4-kiijJi iuSjaJJ yljuJl c^" .(Sequential Logic Circuits) \xJyz 

yUuil j (Decoder) SyUJi iili j (Adders) ^^1 J^ cD^I ^ Jv iil ii»ji^ Ld^U; ^Jl ^jikdl ^IjjJl 
jJljjJl Ul .tjMjj ^i=^ jJlji ^ (.(Demultiplexer) J^iil j (Multiplexer) gt*UJl j (Encoder) 

SiLwJl jv^SJl J* diii ^l iiUi^b JuiJixj iil j Ui'fi J^-lii 4JU-I *-a)I ,-Ip ^4^-j>- J^xj ^i o«jl^Jl ^Uajad.1 
^j^lil Ijl* yjj ti^c4 SyljJl ,eV>U Dlja^l A-in-J (Memory) S^S'li *J ylj-iil ^ ?- jJl lJu» jl cu^ '/r>*^ 
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iXlj* hSju iy>rj y> A^xjLlJl 4..iU;[\ yljjJl J5 i^ij^ci\ ijXa}\ jjg b J5 <_^vJl j . t _i,Vj — 1 r-J>-\ ^Jj- 

cjIjjjc^ /u> tSj^ iy Sjjljjt J,l <dlso| j oJu'jil ijijcJl aJiA jjp oJu^T ~i oyljJl r/ jl ii~>- i(Feedback) 

I4J J>--Ij (Time) ,VJ^ l>' <J_^SJl *.Jfrz.«J S-xjbJl JJijidl jjljjJl <j j->L>- j ^jL< -^j^jJ IjJiJ j . L>--i!l 

j»Liii 4-xjLdl 4.j » J a .dl jJijJiii J (Clock Signal) ylj^l sjLiJ Jj^j s~Lka j&S o^' Jj^- 5 J ■ ji* ;u -S' 

• <L»]ajljJJl 4 ; <;,b;ll jjljjjl (ju U olijjiJl ^^>>Jj (J,Ldl Jj-XJrl 5 ,^»Syl ^UaJl (j j»L& ^> ; b;" « ^iL~Uj jj-Ij 

i^LiJl 'Uajalil yljJul 



ijwLdl rfJklt yljjJl 


UajljJl Aikdl yijOJl 




r- j^JJ 4JLLJI (*-i!l 


iii J^-Jili 5JU-I -Jill ( Jp Ju>j>j 


<7>1.1 


S^Tli Li 


SjS'li U ^,-J 


(Memory) S/'iiJi .2 


d-U -« 4j-\*J L4 -X>r «J 


fljj J 4j-\ju L4 -X>r jJ 2 


(Feedback) aMj.\ hJJe&\ .3 


JP^ Us* c^Jj' J^-^ 


ji^uS~ I4J <yjJl J^--^ V 


^jll.4 


L yaljj fijLi) L4 -X>r «J 


^yaljj SjLiJ L4 X>rJJ V 


(Clock) ^ijJi fljUi .5 


oblJudl iO}Ui~J.1 4^>rljil 


tj^ljjl tysjuil coyijjl ijli c^ljJrl 


4b»i .6 



(Flip Flops) £*-<>< -2 
^ -kis (1-bit) 4-i^lj V*-^ ^^ jij^ (J^ ij-^l U oubj iJja^> Syb ^p «jLp (Flip Flop) r^jil 

Jiij (^1 iLjij t^tjLj (two states) ujJU- r^s^ 1 ^ "-~^~ ■j*^' ^ vj^l t>*^ V^ j L^U=iJ 

J RESET 4JU1 Ukli Ju-iiL, L^J Ljiiist j^. ^1 _, ^^S(i aJU-1 ^«j 0^ j 'SET 4JU1 1 Ukil 
.i^xjLdl ^Uajaxil yljjJl ("t^Jr 4-^L«VI s-LJl i-b-j r^"j^' j>^ j '-^* .CLEAR 

?u^-ijli «.u» 1- 2 

obljj j»lJi^^L jl NOR oLIjj ^lOsxivlj jl A-ikdl ^-yijjJl j»lJu^~»L T^rljil tb *i jl ^jSLil ^ 

.NAND 
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Jbil 



G 



-<3- 



Q 



L>^_Ul jX^2j> "Uljlj j»«iJ ^ t^^Liil 5)?;U ^~S LxJl t-j?- jj g b I <Uj*)Ul 4-^«JjI ijj\\) l-V^r Sjj^is *~-*j Sj^iJ 




,U> J^-xJl jj» Jl L >..;i,k.dl L >w5'Lxii j-j^-i jj^ ^ (Feedback) SJu^il ijijdl ^j^j ^ ^■'% 

^yljJl SjLil ^Lp Jl jJ^j '^SUA\ j\ja]\ j Static ^W^ j .Static Latch 4^~j" ^U-^il IJi* J^ jiJai 
^j* ^ La j^ljJl sjLil ^Lp j .SjLiVl dlL" j_prj Jl jyio Dynamic ^^^S^Jl ^Jk^il j (.(Clock) 

i^JL LilJi^l f^j. ~~>- J& LkS' J,b,:,. < ^Lsr^il ,j ijjjjj 4^JLll jl (_£l titis ,y"jJl Jjj^- SjJtJj! SJb- yjii \j\S^>[ 

j\ Static RAM ( _ r *-~j (Memory) S^TlJJl ^Ijjf ^^j v- 1 ^' ^ a-i^jS' ^-Urjil li* f-^~> .l5j^I 

.jjiil -^ iJUl iAs~ji\ (J L^2jLJIj <(j>w : ->jj »j^>: LS~ cSRAM 

■y, SjjX^ 4^»ji>w -jjj>*zli tC^ULJl /j^ -kas (1-bit) i-is~\j v'^ ^J^" ilMJ^" ls^" °J-^' ~ 7" ^ji' J' UjSi 
t^s y> y*> LS tL^jj^ c_jjiki.l (bits) o'Liil cjIjUJ-I jJlkj yz^r\J.\ j* jAxJ /t^- "USUiil oUliU jj> is-y^A 
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B 1 B 6 B 5 B 4 B 3 B 2 B { B 












B 1 B 6 B 5 B 4 B 3 B 2 B l B 



.(Register) U^v-ib sLobiil oUULl ^y $ss- ?y Zjy^> z^jIk* Cf-j^" >3 ^«-J>ti*J.l ^srl^ll is-y^A (^—-j j 

:NOR obU> ^ c u^ 

«lol piy y> US' T^rljil >Uj j L^.IJl>cu-I jSo:. jJJJJ t^^ikdl ^Ull J^e- J^jo jl j£jt. NOR «jIjj d)t U. 



r i , - e 



G 



j 5 *5v>uil lJ\Js\ jJU t-Lttj^D l5j^I i-Jljtf 4iU=L U ^ NOR 5jIjJ Jj^J (-ija j-. jSSf J_prj jl Jas-V 
£jj| C U>I ijb~ ^ J SET 4-Kj jl^l y> 5 — » .^1*>I AJU- j j^Uill Lsi> ^ jS^ gJl j t fl 

i^Jlll l$J jjSj /~ll ^Ur^il sJU- ^* j RESET i«i^J jL^^>-l jj& 7? j caJ ^jj^ 1 4-ikJ.I <U^Jdl IjJ jjSj 

3JU- (3 Oj^j j '1 jc* <^ SJjsxil i^ja]\ cJliT lil SET aJL=— (j Jj^j ^Urjil (1)1 c£i ,<u» SJjiS- "Lujaiil 
7-yLl ^ijja J jg^' /gil 2Lo_wfiJl ^» j-Ur^ll J ^Jj^il 4^iJl jb UJU- cO ,-* "US Zjy*l\ 2uJLll oJbf lil RESET 

■ Q u-j 5 ^ 1 > 
JjU^l (SR Flip Flop) SR ^U-y 3 \ SET/RESET c ^^ sl^-; c ^>l il* J^ jD*. 

I^Urj^il SET ^h-^ *'j^i • 

< £ ^>>J! LS? iUjI^I ^jikLl U^ii Jjliil (_i>Jl j 1 yjadl 2u-i)l ^aj ^U-^ SET U*P ^^ 

slol r^py j* US' t /? ^ijisJl i^l t j^Vl (— 9^W c5 ^Lijadl 4^JLll «^aj j 
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R = 



S = l 




e = i 



e=o 



jgi^J V 1 ^- j -Q = —> L^r^ i-Ju4 Ji-^lj Sjj^rjil NOR 4jIjj Jj 1 _Jl Jj^j Jt Ji^N 

. g = 1 j ^SlL; iiy>rji\ NOR VjJ r-j^ Ai- 1 ^ 0^ ^ *-i* 

: c Ur^il RESET \L* t\j*l 
Js>Jl ^f cUjI^rl ^jikll U^ii JjULi ^3>Jl J 1 Ukdl 1*^1 ^aJ ^U-^JJ RESET U** ^1^ 



R = l 



S = 




e=o 



e = i 



jglJ v^ J -2 = 0—; L^r^ J-V£ J^Sllj Sij^jil NOR ^ Ji 1 -Jl Jj^J Jl Ja^ 

. g = 1 . Ji-Vlj aJj^Tjil NOR 4jIjj 7- j^ Jy-l^ J&L 5 1 ^i 

L^. J^j Ju^l j£j ^U-J.1 ill^ il^l oV! ^j-^ 1 . 7? = 1 j 5" = 1 

:/? = o j s = o >jJi Ju^i • 



i? = 



S = 




G 



e 
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■j*^' J 9 ^' ^J* J^ "j^j^l *^Jl ^y^ Jj-= L^j^ -*i-^ o^"- "^ ls* NOR 4jIjJ J^-^l dj=> 

q = o j q = \ ji j ,set aJu- j c uv>i jir lii :vjT 



i? = 



5 = 




e = i 



2 = 



.iiLJl dUi Jai^l £^r>l Jl l^t tSET iJU- Uyf ^ ^-Ur^JJ SJyjJrl 2j LJ- \ jl Ju4 



g = 1 j q = ji yji .reset iii^ j c ^>i t>is" iii :g 



:ui 



i? = 



5 = 




2 = 



2 = 1 



.siLJl dU Jai^l r-W J.I jl </ .RESET «Jb~ uj ^ ^-Ur^JJ SjujJtI sJU-I jl -U 



.UjLJl <dl£ 7-Ur J.I ki.:.4 i? = j 5=0 J^-jJl ^ j 4jl t^uJ <ulp j 



/? = 1 j S=l J^JJl JUj^I 



/? = ! 



5 = 1 




2=0 



2 = 
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AJ\ \*S ,4j y- y^^jt yi- j>\ jA J (.0 J^jjL^ Q J Q (T^' l3j^ ^" J JO: " (J>i '"*■* iH"-^' J^-^— i iS^Ji 

. (Invalid) *j £■ j— ~. _#£• jf f-i^u~« jjp./? = 1jS=1 

JUl (Truth Table) <_;UyaJi Jj-v=t j iiLJl ~Jldl ^^^L" jSU. j IJL* 



5 


/? 


»n+l 








a^m 


Keep 





1 





RESET 


1 





1 


SET 


1 


1 


Invalid 





sUjI 7^=y> y> US' 4 7? = 1 j 5=1 (J^-^l ^L>- <J o^ U 



5 R 


tj„+l *£„+[ 




1 

1 
1 1 


Q Keep 

1 RESET 

1 SET 

Invalid 



:nand oUjj ^ r W/ 

l^.lJLAi-1 ^.dliJJ tLS ikdl ^-S'l-Jl J*p J-*" ti\ ^fs. ;NOR ^ Ji* diii t) Uli. cNAND tyjj Jl U 



/? 




Q 



Q 
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.kiJ <dL*o jl VI c(SR Flip Flop) SR c \>ry j\ SET/RESET ^ r &■ SjU 1^,1 L* ^-U-JJ 
.Li JjUil lJ^I J ^-^ ^j'j^l (m! ijjlMl U^Jl jl ^f ..(Active Low) 

: c Ur^U SET U^p ^1 • 
slol 7^>j^. y> US' <. R = 1 j 5=0 J*£ dlii *% 



5 = 



R = l 




e = i 



2 = 



I^U-j-U RESET ;lLp frl^ 
alol ^->y y> US' i 5 = 1 j R = J*£ dUi ^ 



5 = 1 



R = 




2 = 



e = i 



j 5 = J^-lil j tiiLJl dl£ 7-Ur^il Jili^V (^jJj /? = 1 j 5 = 1 J^jJl Jl oUi iJj^^o j£Lq. j lJus 

(Jjliil v_->l will JjJjr (j TtjbJl S Jl* ^a~><Jj /^JJ. J 



5 


R 


Q„ + i 








Invalid 







1 


1 


SET 


1 








RESET 


1 


1 


Q 


Keep 
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s 


R 


e n+ i 


*in+l 










i 


1 


Invalid 





1 


i 





SET 


1 








1 


RESET 


1 


1 


Qn 


Qn 


Keep 



SR C U> (Logic Diagram) Jk±\ ^4^^.\ ^ y , JUl J^jJi _, 




(Active High Inputs) 



Q 



R Q 



(Active Low Inputs) 



(Clocked or Gated Flip Flops) iwijsli j^ijli 2- 2 
Clock jT (Clock Signal) ^yijJi SjLi} ls: *~j SjL&l <uU J^ j; (Clocked Flip Flop) ,y\jL\ ^U-JJ 



Clock 



/? 




e 



e 
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.(Clocked SR Flip Flop) ^Ijdl SR c ^ V—" ^ c 1 ^' J* ^- 3 

ixJ6y> ^yljJl SjLil culls' liLi t(Enable) t-U-Ji SjL&I j^T -i^ Jl lfL> J V^" (Clock) ^IjsJI »jLil j 
SjLil c-JlT lit L.T iSibJJ ; JjK =Jb Ui k_--*«i~o j r-U-^il Ji /? j 5" atijlA^I y il 2u jU,. </ t(High) 

dL4 Uaixst ^-bvjil JJaj J ^-Ur^i! J^ R j S tJujLA^I l^*^ ^ (.0 4jjL~« ^f t(Low) ~**^h^* ^^ 



Clock = 1 



R 



X> 



x> 



^y 



R 



Clock = 



R 



1> 



1> 



t ytjsll SR ^y ^j\j^i\ Jj-l^r ^.l^jj 



c 


s 


R 


a + i 


*£(7+l 







X 


X 


a 




Keep 


1 








a 


Q 


Keep 


1 





1 





1 


RESET 


1 


1 





1 





SET 


1 


1 


1 


1 


1 


Invalid 



.(Clock) ^IjJi SjU) 2^J Jii C j^Al 



.(Active High) ^> -k*J ^lyU SR ^l^^ J^j dT -^N 
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0-ljsll SR C U> L ^Mi -WWi Jst 4^1 J^Ji 




(D Flip Flop) D c br^» 

^ »jLp D ^l^y j .Data Flip Flop y» ^ry^> J-*^ 1 p-^ 1 o\ J\ (.Data *^Ki jU^l bDj 

y> US' <. LS ik^ ^-SV fU^i^ii D y >a>-Ij J^j ^}> jJ /? j 5 J^-^l jj 3 -^j f cj^t* SR ^^y 



Clock 




e 



e 



p. l^ c c Ur^Il RESET U^p o-u^i 7? = 1 j 5" = O^SC D <->>Jl j vMl U^l Uu>j lil* 
SET *AmS- <ZjAs*si R = j 5=1 Oj^j Z) i-JjJaJl ij 1 *UaJalil <U-osJl U*-/=_j lil j . <ui 4^-iil J'j-^4 
,7-Urjil JaMi Lilji>4 *% D i— *jJaJl ( 1p U*-sij *X> j^Jl 2UJL1I jl (_^l ,<uj 1 a^J]\ jlj^-j *£j (^1 i7-\^ryA] 

J&tf o^ t(Clock) j^ljJl SjliL j-^r>l J^-b UlpM j D ^>>Jl ^Ip ip^jil 2u^ll jLol JsLjjI Ji^N 
alof ^->j^ y> US' tHigh Jl Low ,y ^yljJl SjLi} l$-» jjiS ^ aJasJdl J jj^ j »- Ur^il J^-b Jl 1*^1 



Clock 



High 
Low 
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D r^-y ^\j^i\ Jj-^r j (^5jaJ.I JaJaAil JjL.Jj 



CLK Q 



c 


D 


Qn + 1 





X 


Qn 


1 
1 



1 




1 



.(Registers) o*>b*„ii ^b j L»L*f ^-b^i-u j (.Dynamic Latch 4^~j" U=J D ^-y <J* J^i j l-i* 

(Timing) ^Ijsll U>l 
l$J^"^ (1 _j (.(Sequential Logic Circuits) v<jI^Ji i^Jadl _/l jJJl J (Clock) ,y\yi\ 5 J^i j_^ ^J*^ 
i^ikdl y'ljjj 4™Jlj jyljiil v*' L»i (.(Combinational Logic Circuits) 4-M^Ji vJadl jJljjJl j Ji^ 



A=l 



C o 



B = 



ijLjl 4,b ; ...jl Sjjljjl j»l-L>t^»lj /y»\yj\ <U=*t Tc^Oyl j» jJL~i 



^>n 



O^ 
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!<uisjljj 4 ; a,b;< "»y\jS 
jl Jt4 jUp^H (J J-"jJl J-"'* "^"^ )■ J "*^ aj )J> V^* ijjl-^ SyljJl a» UJUUj til 

x = AC 

y = B + C 

z = xy = AC(B + C) 



jj>j B— j A=l ,*-/= : y. j 



z = l-C(0 + C) = CC = 



.C jsJcd! i^i J <i»iU-l jyd\ ^p jJiJl ,j^ij ^tjjJl ^ c5jL~j Z r J~^ o\ (S* 1 



/ 1 >J 



!<L*jU 4 : g)?;* a S\JS 
a^jIt.a ijljj iMi tjUv-Vl <J (Vjll J-*^ ■^"' (V -Ij">U ^jtjLxj iJLk^ SylJiS' SyljJl xj> UL»Uj IS} 

jyt)s> j ijljJl Js- J^-aJi JsjLj ^ L. Lr ^i /Jl ^. jJl 5^1 j^ SjLp y> (Propagation Delay) JUil 

,v»j L_iii4 j .(ns) 4JL?_^LJLj j<LSj j IJl»- jy<v 'Uajg^il oblj~U JliiVl j>-\J ryj j .[^sx-j*- J5 3jbwi*»Vl 

<J\ .ajl^J-l 4^rjJ Jt« U Sja^l i-JjjJail l3">U*-Ij 2uljJl ^wui od^ US' t^yM J} ^U; ^ Jlixi^l _^-l" 

.aS-Ij 4^ot^ Aj I a^J JLij'^l j>-\5 it*} -^-^" ^—*-^2jl j^ 4Jl 



y> OR *jUJ JUi^l jat-b tfj j i Afj y NAND *jUJ JUiVl ^fc ^j jl ^^ »!>uT SyUl J 
<.X j^cdl *--» j j^cJl c^l (.NAND 4jIjj r^- j ji«^l oLi Up j . At { > At 2 jl J?j£> US' « Af 2 
l£i cOR *jIjj r ^ (3 J&& J ■ At l aj\XO> jj>y> tC jjiill il«-j» J jjisJl c^l cLfJ^-i j jjjcd! -Uj <LjS£ 
y> US' . At 2 »jl-U^ -^jj tC jjisxl <Ui (j jjicJl (^1 cL^1>-j ij j>JcJl Jby ^J^ c_y jjjcd.1 4^J ,j jjjcJl 



1 
C o 



1 

X 

1 
y o 

i 

Z 



At 



A?, 
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j .fiy** jif- y\ y> j <■ At, — At 2 tSj^~* '-^ '"jy^ *~*j >jZJu 1 LjL~ » p^>\ Ji % t-^LI ji La Ja^"^ 

j .Hazard — lb t yja dl oLIjJJ jLo^l j^Lt ^j l3"}L^I jt- «jUI j t*ijd.l jjp j"^' '^* J~* lj*-"^ 

jl i2~j>- <4-ikdl jJljjJl (j Hazards — il si* jj^Ji jL>j jl jlSo:. s._^dl l-br i_oi*all ^y ajI tw>I_jJI y 

jl j ,<U»Jai* 4jIjj JSO JUiVI j^Ij ryj jL^-^l (J -ui i^-Jj t<Lftlgxll sylJi! 3JjJl (J <1>Ip "^^- >— djsi lilii 

.aJuxil jSljjJJ 4™JL *)L^U~« jjSL jLxj 4jli a^W ija-^vJl aylJil! Lxj? IJlA jlS' 

?vJadl SyiJiil ^ Hazards — Il a-U jyt; L. y> j^l Jlj^Jl 

lijajljjl "UAjaiil jJljjJJ 4™Jb • 

"^ j tJis-'sl; jl jjj ji jl jISsj Li L» diij -i*j Lfcji^ j j^aiil j 4jLp 2L^.j Sjiii Hazards Il jjg.^l Ijfc 

.Sjjadl aylJill Jp jjjU <^f JUL Li jj£j 

li^jxjliJl SUiJaJj jjljjJU i™jjl • 

liili Jup .Lf^jji j sjj^aili Ujj^Ji Sjii fUjI Hazard Il -kliJL ^^-l^il -b-l ?yu jl JUs?-l La -brjj 

. LJL IjuU t-^j Lcl j L3j IjJLt JLySjaxil SyiJill (Jle Hazards Il jyLr j^j V 

fi^Ldl 3-ijaAl y'ljjJl ^jLp Hazards — Il Jfe t)">b ouT jil 

Ji Hazards — Il ^"^D v^ *~-*j «>^ jUiiVl L? i$o 3-*;Ldl s-2kdl SylaJl ^ Hazards — Il jjlu J^y 

(Clock) yljJl »jLil jjj jl La j .Hazards — Il y JL^ g-^-U jjjj jf ^^j d^ tSylJl ^^ a s ljS 

«a Lo tl j ijy L j»ljiiiL L^i«-jj jjc3 SjLij. /jp SjLp yljJl SjLili .aJL* jUiiJ'^l oljX* . ; ,b;:; j*j^j /yl 



1 

Clock o 



.Hazards — Il ^^ jU-^J jLk;l ol^xi ^ »jLp ^ (Low) i^Ja^A yljJl SjLAJ L^i jj£j ^1 oljiiili 
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(Master-Slave Flip Flop) gtfl- JM\ ^ry 3- 2 




G 



G 



.(Slave) ^Ub jlill c Ur>l Lf ^o j (Master) Ju'UlL. J^S/l c U>l ^^^o 

^w j wliil SJU-y J,| S^jfsjw Ja^JU 0^ tj -AJV-SJ) il»-yi J,) a^L* J-^- 1 " (Clock) <_y1jJl SjLAJ jl Jij-M 

-UlaJl ^U-y l~*^j (High) ijiij^ ,v"ljiil *j^** , i Jj^j L»-U«i ,Ju>-l_j c~S_j (3 **< M Oi'-^y-l *j^«-^~"J jl IJla 
JaJ ^1 5jat3»JLil j j tiiLJl <dl£ l,bi.:.< j Uii^ lIJjJI dili j *jUI r- Lry Jj£j 0i^ j <■ R J S 4 J^-JiJJ 

^^ -^j^' i3 ^rfr^" j £^1 £^y Jl ^^ J-*^" j - uLi '' £^y J^ . Low J,} High ,y ,y\yi\ Sjli} IgJ 



Clock 



JjLaJl rtjU-ti*^^ a ya 



(Clock) ^IjxJi SjUJ cJiT aiW 7? j 5" J^-iii j> j oj^ jjiJ c^Sl v~^~i £ls!l- -^ £^y at 1^ 

/Jl 4jUci^VI j .Low J,} High jy o^'j^' 'J^l -k*-* *^~ ^y 1 t) 4jU^~-VI j^Ji? j (.(High) Sjti'y. 

JjiJ* Axj bjU ?- Lv^il fry" ijfe ) ■ty'y' ojLiJ -kj^* .L* *>j~"L« t-Utj^JJ i)L>- y-l ^a La ryLl (j ^^Jij 
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Ajbil- Jb'Uil 7-^rJ- ^Ij^til Jj-^ j (JjaJ.1 UaAJI Jj L. ^ j 









c 




Q 












o 










- 


>CLK 














R 


U 




c 


5 


R 


Qn +l 


Qn +l 







X 


X 


Qn 


Q 


Keep 


1 








Qn 


Qn 


Keep 


1 





1 





1 


RESET 


1 


1 





1 





SET 


1 


1 


1 


1 


1 


Invalid 



jl Js- Jjy (^JJl j (Clock) yljJl SjLi^ J^jJl t-JJ? ^ p jJ»jil jji*<a!l i£<Ml ci^ 2 -^' UU^ll j Ji^ 
.High Jl LOW ^y <y\y& ijLil JUtiJ 3jaJ- (^1 t^ljsSi ^UajJ aJLpUiaJt 5iU-1 *-« jk^b ^bv^il JsO 

^T jl i^l <j>*lj2!>l SR r^ji "--'IjvaJl JjJ^t <uUi y> fjbJl" Jb'Uil 7-^J- ublj^ail JjJ^r jl Uajl Ja?-"^ 
,r- j2M (3 <jU^~-VI jjgb SjaJ- (j jj^vj L> ■$.;,■,; (ijiil aSJ j tSJLjjall ,^-Ub R J S J^^J-i 'JL^J-W Oi'-bvjil 

(Clock) yijJi SjL&i c-«b L. (.J^jJi J jjiJl ojj^ j_^ g-^Ll J 4jUk^VI ^Ji? yij^ii SR ^^y ^ 

.LOW Jl High ,y> yljJl *-v2j -kj^«> *JaJ- V) r/l j 4jLs^-»NI jg)r" *>U Ajllil- Jb'Uil rbry j l»l t4jU"y> 

A^bil- Jb'Uil r-U-J. iUkdl sy'lJJl T^ijj Jlsil jSLiJl 



p-o 




fOTO- 




DJzO 



e 



G 
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(Timing Diagrams) j^j^' oliaki 

5Jb— J <L>s£ (^JJl jjdl 3juUL iL^j ^y Ju">li 4^<jlxJl i^jikdl yljjjl j ji^cui' J^-Ju (Time) yjJl ill' Ji ijJai 
o-i^ <^JJl jjiJl t=->jj ^yijJi Wj^s^i .(Timing Diagram) 1 _ r «ijJ! Jajaii ^ sL~-jJi «.xa -o-*_>!' f v''-^' 

<ui Ja*^ yljJ WK^ (J,Uil IxAll T^y, Jliil J^c-* ,<Lp ./r*ji' /«-* ^ajadl syl-UJ p-j^-l j ij siJ ^' oljjii* (3 

V J^ j lR j S J^JJi c^j;^ j (Clock) yljJl SjLil ^ j it y\j> SR c ^y Jl aUloJl oljU^I 
g r-U-jil ^ jL£I ^jii^ j tRESET iil^ ^ j ^Ur^il yla^l sJU-l Uj 



r 



Clock 

1 
5 

1 
R 

1 
G 



ry«lji!l oUiJ f^j^J Lu-S rj-lll <Ujli« L$~~x) !4ii^-'>L«] 

Jiaj j (.(High) 4*ij"y yljJl ejLil il) jSC" U-Ue- Jsii R j S J^ 1 -^ v^^-i ty'j^ 1 SR ^^y Jl (J«J 
j R j S Js^l *-» J,} ji^ di!-Ii .(Low) 4^2jbt^. tir*'^' *j^i jj^j L*- 1 ^ LfoJl J-^J *-^ j*~~^. ^ )?■»■'■£ 

SET U^ oj-i^ Jl (^jJj Ur R = j S = 1 Df a4 *ij **aJl ^Uj a** . g rj~\ J^ cj\j^>\ 

J S=0 ^ 7-Ury.l J^-i !W!J <^l tO (Jj 1 ,y S 4^3 J_pCi? Ljyj jrij i*rf2~Jl LitfJ -Uf- J CT-Urj^li 
^ju b. j .0 «Jj i^aJl 4jU j^s- liiii j^~o J cSET <l!U- (^1 <dl£ r-U-jil -bU^V IJiA c^JJj j i? = 

/c« .(Low) 4-^^^ j-*ij^i °j^i ^' di 'j^ r^^A' *^ t3 j^" <^' c-j-^4 V 1 *i j 4-^aJi j «ij <UiJl 

^ dJJi j 'SET «Jb~ <^T cdUi ^-Urjil JiLi^l J.I (^ijj bf/? = 0j5'=0Jl-Ul r ij W2JI yjij 
J fl = l J S=0 / ^^A' J^ J r^»i C^ 1 '1 Ji ^y /? ^i Jyo" d-f>- cLjyj" 1 jtij isaJl Ji^a^ 

<Ui»Jl j 1 ^j <Ua^Jl iju U .1 «Jj A.,}s..:.i\ ijLi /»>- lilii j^^-j j t^Ur^^l! RESET <lJL^p ojjJ- lij& t5 J Ji 

JiLk^l Jl (^jJj \J R = j S = Jl -U 2 *Jj isiuJl SjIJu £. .r^U-jil aJU- j jji? ij\ oJu4 V 2 (tij 

ii' '1 JlOi/ 5 *^ Jyo" cu^ tLjyj" 2 (*Sj 3-^Jl Jwo (^5- dlii j (.RESET *Jl^ <^f t<dL£ ^U-J.1 

4jU j^ diii j^>^~j j t^Urj^ii SET S-U* oj-iJ- IJl* lS^Jj j R = j >S = 1 y r^^A' J^- 5 j**^ 
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3 j«ij isijjl 



/? = j 5 = Ji 



oj-iJ- li* (^jjj j 7? = 1 j 5 = y r^^' J* 10 r^*^ <£' '1 til ^ R «••■-» Jj^j £-•>- 'Wji; 
>t>^-. V 4 *ij i^aJl j 3 «ij 3-^Ji l>u 0. .3 *ij isiiJi *jU y- diii j^~j j 4^-U-jJU RESET i^L-^ 

(^f t<dU4 r-U-Jkl iiO^V (^ijj 0f/? = 0j5 = il)f Jl4 4 *Sj 4-^cJl 4jJ-)o t) ,r- U-J.I 3JL>- J jjiu" <^f 

US' .r-U-jil aJL>- j jji; (^f oJc4 V 4 p-ij <uaJi 1>\J> -Uj j .i^aJl 4jU y- dili j-i-o j (.RESET *JU- 

Jujl ISwJu ^c-s^a^ t& 



Clock o 

1 
5 o 

l 
fl o 

l 
G o 



r 



^(Master-Slave Flip Flop) ^OJl- ju'Uil ^y ^ c ^> jxi j ^Ijsil J4^ ^ JUTl 0^ jlT ^ lit. 
jl VI ^lj^.1 SR j-W/ U v^^-i y^ 1 ^-J^i <_r^ ^ j 5 J^-iD s-~^~i «b!l- ju'UIi ^-Ury jl ^ 

jjfvj <u1p j .LOW J4 High y y'j^' *-^zJ -^J^ 1 *^- VJ *^j*- j jg.^" V ,*jOJI JlJLaJl 7-^y 4jUci^I 

jjfc *jhil- OJUJl r-U-ji j^ljiil -kk£ j5Li 



Clock o 

l 
5 o 

l 
R o 

l 

Q o 



2 w 



3 .- 



4 w 



r 



iivljjl 4jli ,j VJ 7-LsrjLl r^ ,j j^]h" 1 *ij "UiuJl 4jl-b (j C-J-b- /yl SET 4-Luti 4jUt^~»VI jl -la*-V 

J ill tS-^l ^^ j ^^ ^>'z £v. (^^ ^j^ j j^> lS^ &><*£. jl j .Low J| High y -kjJ>l iJaJ- 
VI jr^^-l t3 ^ ^O^^-Vl j^jaj i jxi j RESET 4~L>-£ c-jJl>- 1 »Sj i^Jl jLtf> ^^ij . 1 ~3j i^Jl 3jli 
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4jU J -tj^=l AjiJ- VJ J"J^I l3 j^Jaj ji ^j^-i J SET 4jL>-£ CUj-b- 2 *Sj 4-^-Jl OL^li^. L jii .2 j»ij 4-^-Jl 
,c^ .3 »ij *t*a~Jl 4jli (j O^' JajJsl J J?jJ=l tilii tju ^U-jil rj> (j jjJu (^1 O.L4 i J .2 j»ij 4^2-Jl 

(1 j .3 jiij 4-^Jl 4jli J -tj^=l 4aJ- VI ^>L| j ^Ji; i jS^J j RESET "^j- c~U»- 3 *Sj k*Jl Jw& 

.I4JI L»_J ilb- ^L Oii^ 4^ljl tiiij Jljk JJi 7-Urjil jSl r^^l (Tj^ t3 J&* 1 ^-^ ji 4 *ij 4-^Jl 



.£jU|- Jb'Ull ^-Urji (c_>) 



:dlii j JUl ^Ijxil J4=^ J*i1 
.^ij> SR C WJ> ( l ) 



Clock 



R 



Q 



Q 



n 



^ SR C U^ ( I ) 



Clock 






n 
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Ajbit- Ju'liJl 7-l^ry (v>) 



Clock 



± o-J 


o, 


1 w 


2 . 


' 


3 w 4 w 5 i 


L_ 


5 o 






















if 


II! ! 




















" 






1 1 1 














e o 





















(JK Flip Flop) JK C br^» 
■p^py y US' tiJUil (Feedback) aJtfy ijijcj ^jy ajUjI- JjUjI p _jj /-« ^U-^ -^ SjUc y& JK 7-\sry 



Clock 



P~70 



Md^Q 




^c>-r> 



D^O 41 



Q 



Q 



■> 



JK £^J- ^U^Jl J j-^r j L5 ikdl JaJaAil Ji L. J j 
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c 


J 


K 


t^n+1 





X 


X 


Qn 


Keep 


1 








Qn 


Keep 


1 





1 





RESET 


1 


1 





1 


SET 


1 


1 


1 


Qn 


Toggle 



i-JjjaJl j£ kL~>- 4*jbil- Jb'liJl 7-l^rji v'>dl Jj- 1 ^ jn^ Jb- Jl "U^i JK r ^^ vl>*^ Jj- 1 ^ J* ^* Ji^^ 

RESET U^p ,1^1 j 7? ^>>Ji J^ K ^>>li j£ j c ^^ SET U^ ^i j 5" <J>Jl J# / 

.Toggle 1 _ r —~j" ^il 4-Lj<Ji ^* j '^^j^' ~^ u-^- Jl epji AT = 1 j 7 = 1 J^i jl £■<«>■ 

(T Flip Flop) T c br^» 
js- ijLc- y> T 7-L>-j-* j ,L>t^5jl jl j j~- US' tiJU-l ^f-xp ^jo:. t Toggle i^iSo jUt^-l j& La T j 




T C U> ^>U^!i Jj-^ j <^W ^^ JiL-jj 




c 


T 


a + i 





X 


2„ Keep 


1 
1 



1 


2„ Keep 

Q„ T °gg le 
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{J S^ jl siUl dU JiU^Vl -k«» o^_ J; <T ^-Ur> RESET U^p _,f SET U^p ^1 )UlSC.} ^jip Ji^N 

. (Counters) oblUl sbjT ^Hy j JK ^pr\y> ^■^>^~^ 
JK C U> JbJl ^Ijdl J4^ >i1 



1 
Clock o 

l 
/ o 



1 
K o 

l 

Q o 



i 

Q o 



i 

Clock o 

l 
/ o 

l 
K o 



Q o 



Q o 



^L 
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:Jis» 















T C U> JU 


^ijiii -kks j^sl 


Clock 


1 | 

o ° 


1 


2 


3 


4 


5 




6 




T 


o 




















1 


















Q 


o 






























=J^ 


Clock 


1 1 

°^ 


1 1 


2 « 


3 « 


4 « 


5 i 


' 


6 


■ 


T 





















Q 


1 

o 



























(Direct Inputs) j-itii J^jJi Jl>f 4- 2 

i-iljjab Uajl ,-wo /gil c(DireCt Inputs) j-iLil J^-^' i-JljW JfiJ^S l-iA ^JutL™? ,3Jt&U»l «jj^2j "U» 4^> 

^ L^Uryi Ji£ Jldl JSLiJl j . R d j Sd —i Li yj. gJl j (.(Asynchronous Inputs) jAjti j^ J^JJl 

j-iL« J^-J i-J\Js\j 3jj* ajUjI- JJLiil f- jj 
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iJ^p t\j*-\ J Rd <-Jje& ^-i^~u j (.ijJ>L* ijj^j. ?-Urj^i! SET \Lts- ^ij^rj J 5^ ^jkit j>Oj^u~j £-*>- 
. CLEAR j PRESET —>. ^Lil J^jJI J>I>S( j,^ CvT .^L. 5 Jr ^ ^y^ RESET 

j /w>jj ^j'jM (*% *jj^M' ijLuJl jl ( ^*£. ^(Active Low) i^b^ iU^J j-iUil J^-^l i-Jl^W 01 Ja^V 

^ijjail ^1p 1 4^-jJl j S d i SjJaJl jJp <*U-ja!I *-iaJ a^-iL* ijyOJ SET 3-L^- frlj>-^i .Li bliil i-Jjjail 

j 4 5 £ / LJjaJl (JIp 1 3^-ill j i?^ i-iJaJl ^ i^ill x^ S^L. »jj-/=j RESET U^p ^Ij^rV j 4 i?rf 

jS d =0 J^l L.T .Sibdl i Jr ^il (CLK j /? j S ) cf^ ,>^ ^>>^ v**^- c^J 1 ' ^ 



5 £ / i?^ 


Qn +l 




1 

1 

1 1 


Not Used 

1 SET Direct 
RESET Direct 

jjljsll J^-jAJ iil>ci_ol 



^ J (ji i L:jj jjj aS'jj jSXJi <U» 1 SUajaJj i^JLll ("-^J v'j-U 2 -* j~"W^' J^-^' <-i\Jo\ jV i—S^is <£? jl -k^V 

J*Jr j <.J^jj" jj-Ij i?rf i-ijWl iJjiJ j Sd <-Jjai\ Jjz £& SET sJ-»^ «■!>*- N *>^-« .(Open) \*-jJb> 
j U-j^i jkdl o%'le ^1 ^y^j (.(Transistor Transistor Logic) TTL aisUJ v^il ^ikdl 

,<u» 1 'Uajaxil S^JLil <*-^J *ij^s! ( Ji^ : '>' ^J- 5 *- ^jW ^J i*lJi>ti*"Vl 

j&li* J^J lJL>1 ijy [*M\- Jb'Liil J"L>ry jt) J^lji. SR ^Ur^i ^Ij^Jl Jj-l^r ^.L.jj 



s d 


fld 


c 


s 


R 


a + i 


G„ +1 










X 


X 


X 


i 


l 


Invalid 





1 


X 


X 


X 


i 





SET Direct 







X 


X 


X 





1 


RESET Direct 







X 


X 


*^n 


Q 


Keep 






1 








Q 


Q 


Keep 






1 





1 





1 


RESET 






1 


1 





1 





SET 






1 


1 


1 


1 


1 


Invalid 
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j (.(Direct Inputs) j-ftU J^j J>\JaL \sjy dj£j jl ^So:. UL^jj ^1 ^Ijdl ^»rtj.l ^Usf <y ^y i^f 



alol 





















r G 






7 G 




















>CLK 

if G 






>CLK Q 


















Rd 






Rd 




T C ^ 


JK c br^. 


jjj 


—a J^J t-Sljkb ijJJ 


)J»I 


u* Jjii i_Sljkt ijj* 



t y.tjsll SR 7-L^^ 4-ikJ.I SjJlJLil j j-iLil J^-jJl i-ilja? jj^li 2ui J S' fw»jJ JUl JSLiJl 




G 



Q 
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«jUI- JuLill t-U- J. 4~iUdl SjjIjJI (J j-iLil J^-Jl i_il J»? j_^Ji S-jL.S' tw»jj JUl JioJl 



Clock 



S rf 




3>» 




KO 



/?„ 



Q 



Q 



:i ^jjju- 



,j-iL« J^-3 i-JI 4=>b Jjy JK ^U-y 4,fl)?;ll syljjl ^ 



(Two-Phase Clocking) jjkJl ^tf ^Ijall 5- 2 

^jJl ll* j j .(Master-Slave Flip Flops) ^bil- JjUJi ^y j^ ^^'y f-^~j" v>-M s^JiSll (da** j 

J.I 4^j5^« J^ju j t(Master) Ju'liJl ii^y. Jl S^L. (Clock) ^y'jJi SjlA} J^-^" iJ*J L^ <7^>rlJ>l ^y 

,jSU j ■r}^y JS' J^ ^j^y us^ 2 ^ 1 o~ 5 ' Lf ' fi-^^^L; tyLr-" 'j^i u^- &k j '(Slave) «h!l ii^y 



»lol 



7w=y y* 



US' 




>• 



C 



c 



. c Ury JT ^ (Slave) gUl 4l^y JJ C SjLA^I _, (Master) Ju'Uil ii^y Jl C JjU^I J^Ju" &u£ 
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Clock o 



JaT 7w=jil j t(Clock) ^yljJl SjLi} J^-* 5, 0^ "*^ *^-^ l*» j-f^" jj^J j 



K H 



4_gT tL~»j <>tv»lj jUaiJj ol^ L^-j J,.^,a" iijvail oUb-Jl /-• 4i™L» /jp sjLp (Clock) /^'jJ' SjLAJ jl Jas-*>lj 

I4J jjX? /~!l T 7 *ji<jjl Sjiail /^» jjiSvj j.,a<1 (High) ixijj^ jvljsil 'J^i ^^ Jj^-j /^l 7! V-«jil a^xiJl jl 
4^w=jil 4^!wJl ^Lt- \~a£- ,, fl.k> .r-S'Lc- j*l-^>>^~"lj SjLiMI eJi* j-x* lui U lili .(Low) Z«h-ir>*±* SjLi^l 

JUl jSLiJb 



C 



1 





1 

C 



SjLip tcJUsj V -Ai ojLi^l «J-* Ji 4 j t^-/' _jljisj| <zj\j& * 4*^*1 « 0L/2J •_* 4JjS\^« bj& C sjLi^/l jl Ja*-^lJ 
J^ JjW-l mi* *% M diiii .Hazards _Jl ^^ v 1 ^ jj^" N -^ : *-^ 1 jUiayi ol ^ ^ Jl '^ tyb 1 
(Time Shift) V-0 k-ljl J^-«j L$J* J_^*aJ-l ^ lil j LS ik^ ^-SV flJbw»»lj C SjU^I ^-S^u C Sjt&yi 

1 





c 



c 



1 





AT 



jjisil C ojUVl (juJ j i^j j^jJIj U j^ji j t^ljsJl SjLil ^ (Phase 1) JjSll jjJalL. C ajLi^i ls: «--j" 
jJUJ ^*tjsil v>—o" ^yljJl t) ^^Sll II* JIp jIJsj j . (|) 2 yjb Li ^.jj j (.^yljJl SjU} y (Phase 2) jLill 

.(Two-Phase Clocking) jjjail 
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(Registers) COks—ll - 3 

jSLiJl j .oUU^ Ijs- ^ 4jj$L« 4^>jix>i liIjjs-I (ip SjJiiJl 4J tjjjZ- fiy js- SjLp y& (Register) J^*—^ 

(4-bit Register) oUU^ ijuj ^ d^L* J^-~i L? i^ 1 JaJasxll ^->jj JUl 



















B 3 


B 2 


B, 


Bo 



















:,j> o^u^ii js- uji^ri o^-i^' olLjJi j 

.J*.-!! j ^jLw jjj£ (^f <.(Write) 2jLxSCJi . 1 

.Js^-ll J JUjis 4^jLw ?- Ur^l (^1 t(Read) «&ijiJi .2 

. (Register-to-Register Transfer) o">U~~il ^ L. 0ULJ1 Jii .3 



O^b^J.! «.b 1- 3 

(bits) V^ 1 oUUM j-Uj ^rljil ^y bJip r^J- j <.(D Flip Flops) D £-*-iy j»Ij>cu-Ij o}U«-J.i jb *% 

(4-bit Register) oUU^ *juj\ j* dj>u» Jj*-~i SjaJaJJ ij\jS\ t=->jj Jbil JSL1I1 .L^jj^ ^jl}A\ 



Clock 



D G 
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(Write and Read Operations) \#j> U\j&\ j &*A*~>1\ J b\&\ 2- 3 

JSU J">\^- j* Jsw^J.1 Jl La; U SjLp \^.j£- v_jjJUail Sm^^Ull jls L*^J.I j (Write) SuLsS' iJ^p ^1^1 Jup 

^ Ji; L. «jU UpUt^I jc ^Jl i^jixil jLi J^—il ^y (Read) Sftty M^ *I>*1 ^ j <.(Data Bus) oUL 

j^ ipj^£ ^ SjLp y> iJl* olilJl JiLi j .UojI (Data Bus) oULJl JSU js- ibj^aiil i^l Jl Jat»J.I 

oliU:- "Ujji ji ^^W; J^ t^ji ti^' jJ5LiJl j toULJl /_* JiSi -b~lj bit ,U-£ \&* J^ 4jjl_jil oMv»jil 

(4-bit Data Bus) 



Bo 

B, 
B 2 
B 3 



(Data Bus) 



iJia j la^hf-] 3w»jll oliL>- ajuj^I ji oliLJl lili J3 <r~"^ J-^j-* ■'J^J Cf ~^ V^j^^' 3^-bJl /^ 4jl Jiu«-V 
j .o%^_jil 4,xJ 4™Jb jj^Jri ^LS ^/ >>j L^iJl (GND jf Ground) ^jSli J-^jil y o~*^' J-^_A' 

slof £->^ y> US' <.(Tristate Buffers) sJU-l 4J%' 




oliLJl J5U 
(Data Bus) 
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x £>>=- <-JJ* j A J^-s ^J& U ijUxa h\jj j* SjLp y> (Tristate Buffer) «JbU ^^ JjUJl j 



c 

^j^ Jj* j»i L4J j (. (High Impedance) 4JUJ1 SSjUil «Jl>- ^1 fciUJl aJU-l j SjIjJi J^-b" C (rSUJl >~>Jo 

.JLjIp iijUjr. l$lso ^p 4jIjJI 

JiijU-. Write SjlAV 1 J~6 f ^U J*~ii j (Bus) JiUi J^ S^UiJi oUUJ (Write) ^IsT \h* t\j*^ • 
^jj j Uc*JJ J^-l-3 J,} J^LJl (J^ 5j_^jil oliLJl (U^j j '.J*^' (*-* J^-~«-U LsiJiJl i_iljJ»l At^jj f«-~i tl 
j tjsUi ^ J*c*~JU J^jJi (Jljtf J-^iJ cSj^f Ija Jj Write SjLi^l l*\s\ i_^£ dili -Uj .Ulj^-} 
,iSjt-\ 0UL0 Jii oLU J flJ^^^U Uli. ijSC. cu^ JiUl *V diii 

Jj^y ~J tl 4jjL~* Read SjLiVl J^jA p$lj Js»«*J.I J sUjaII oliLJJ (Read) S*ly xl»s- e-^V • 
^ \JL(.\jii l?-\z> jjSL" j JiLJl ,-Ip J 3 "— *^ <J &j»*J.I oliUJl j$£ j tJibJl *-« Jsk-^^JJ r^-l t-J\Js\ 
r-J~\ <-i\Jb\ J..,^i.l lSj^T »y Jj Read SjliNl SjIpJ l^ dili Jwj .Li *JUa 44^ c^l 4Ja~»ljj JibJl 
■ cS^-t 0UL0 Ji oLL-p J flJi^u*^ Uli. DjSCj <l~£ JiUl S }U^ JJJi j <.JiUl j* J^~JJ 

(Register-to-Register Transfer) cj^x^1\ &> ouUl Jis 3- 3 

*jpy> y> US' i(Common Bus) &j&a JSLj o">U^JJ till; Jajj *% o*>b*~~il ^ ~tey>£ cjh oULJl JlJ 




Bus -> RC 



Y yy ' ' Y^Y^r^ 



Bus -> RA 



RC -» Bus 



w 



ii 



A: 



RB -> Bus 



g 



An 



^ 



RA -^ Bus 
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jgM Jj^l Js*~ll olj^i is.\J ~Sj C^s>- t.k^jS' (BUS) JiUl >>lJb««*J ^Jj _^-l Jl Js*-~« <y> oULJl JiJ 

^ .jLiil J*-~il ik^-ljj JiUl ^y UsIjS ,*£! JJJi J*. tjSUl JIp oIjj^I dlL" 

.(/?fiJ^~JJ /M J*-J.l oLjyst j^j y;l)/?A->i?B oUUl Ji U^ jl^V • 
.JJbJl JLp /M J*-~il obj^t ^4^ 1 5jjLw. iM -> Bws SjLi^l J<4 . 1 
. /?S J*-Il Ji JiUl J^ oy>Ui!l oUUl Ji^ 1 1jjL~. Bws -> i?5 SjLiV' uM ' 2 
.JiUl ^^ l5^» Sy Ji Bus -> RB j RA -> Bus Oyj^V 1 -^ ' 3 

.( i?C j /M ov^~— U 7?S J*-J.i ob.jat ^j ^i) i?fi _> J oUUl Ji U^ j^-y • 

[RC 

. JiUl ^U 7?S J*-~il cA>jut j&m 1 2bjL~. i?S -> Bus SjLi^l JU . 1 

ys~ Jl JiUl JU* s^Uili oliUl Ji^i 1 uojlw Bus -^RC j Bus^RA CxP-t J^ -2 

.RC j RA crf*~Jl 

.JiUl fr ^ 5y J! Bws -> /?C j Bus^RA j RB^> Bus oljLi^l Ju*j .3 



3iksxil s-ljsrVI Cm oUUi JU (Common Bus) £j^j> JiU ^lJb*i*»l v-M ^JaJ^l j xjUJl ^ j lJm> 




iz. 



B 



A 



I 



Common Bus 



7T 



c 




tj-*! Jl *»UiJl J^p 3* j— JyJi^i (j lJu>r 4^>U>I J^l^xJl j-* tLfLo^ /gil bits il jJlp til cJiUl J=y^ _>>j j UL» 

.iLb-l Jl JaJl aJ^p (J sj>p oliLJl /-• jjSi \^ Ji /^v<«' J^l J 3 ^ J 'j UJSo 
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(Shift Registers) fc-ij?! cj*M^» 4- 3 

oULJJ *s~\j[ J*p tiiLJl oLLuJl Jl iiL>l t*~ku~j J^~~« jf- SjLp y& (Shift Register) k^ljVI J=^~» 

'b-ljVI jV f- Ijil o-U- iJLuA j . IjL~j y Li. jiS I jl oJj-Ij aj\^ J\XiS. <lU-IJj ajj^-jil 

: (Shift Right) QwJl Ji ^jjyi • 
B 2 5iUU J^ j <.L^U Bi fcULl J^ j Bo LjjJ! fcl-U aiif cu^ t j^Jl Jl SJl^Ij 4jL^ jI-Uj:. a^lj^l ~s La 
y. J^J (MSB) LUJl «Ul-l Jl jrjUU ^ bit JL^I p. j <B 2 «UU J^ B 3 «UU J^ j <Bi «UU J^ 



B 3 


B 2 


Bi 


Bo 



: (Shift Left) jLJi Ji o>ij^i 

Bi 3JUJ-I Jji j t L>U B 2 Vlil-I J^ j B 3 LUJl 2uULl Jui; d~j>- jLJl Jl SJl^Ij fcU jUIc. ^Ij^l *£ La 

J^ >J (LSB) LjJi 4JULI Jl ^jUJ-l ^ bit JUal p. j 4 Bi *UU J^ B «UU J^ j <B 2 *fcM J^ 



B 3 


B 2 


Bi 


Bo 



LjJI SjULI j! 



: (Rotate Right) o^ 1 Ji MjjJJl WjNi 
«lol ~_^ y> US' .B 3 LUJl fcULl Jjt JJ- B 
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: (Rotate Left) jLJl Jl 4JUy.il ^-Ij^I 
j£ B3 LLJl fcUM jl cu^ 'rj^-l o-« J^i jl -^ ^ Jj->4 jL~Jl Ji SJls-*j 4jU^ jUIc, ^Ij^l «jJ La 

slbl ?w=y _jA US' ,Bq Lh-^1 &UU Lsi 




\S~ K»i t(Clock) ^y'j^i »jL-ib ijajyi (^1 i^iji. «jj-^j oJl* 1 o^IpI i^^ijil l^-ljNI ?- IjJl LT jl Ji^V 

/^IjJl ijLil C~*li I* 4j~lj^l j^ju-j j iJJl^l aU^I ,j o-b~lj 4jl>- jlJuLC, <b-ljj OJ^- (Vljlil oLiJ -^ S^aJ 



! Ji* 2b-lj^l o^U^-** ^jLp Lajl^srl ^jSo:. tl^f-ljjL; 2b-lj^l siJLp i_i^l£ 'tij^l oLL^ ilLa j 



: (Hold) gsjji 

,V"ljsil ijLil 1 *L«jLj ^0=aJb diii ^ jl r&Ji J A&j* »jj-*2J ^ij^rl ^-1 jVI 4jL^P i_ JULJ jjfc La Jj^aiil 

*% jf j* La J-i»Vl ^j-^' i^ J 'J** 0"* ^^ ^ jr*'j^' 'J^y ^vy o-lj^l jl ii-s>- (.(Clock) 

alol jt^jy j> US' tLj~uiJ Lst Ls^v-il olil^- ^ ijl^- LT L£ jb liiii 



0000 



B 3 


B 2 


B, 


Bo 



! (Parallel Load) c^jij^i J& **««sil 



P] 


L3 


PI 


-1 


P 


Li 


P] 


Lo 


\ 


7 


1 


7 


^ 


7 


\ 


7 


B 3 


B 2 


B, 


Bo 
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iAjv T^ljil <y liJiP r li£ j t(D Flip Flops) D £^y fl-i^-l ^ o*>U^~il s.b jli JJ ^ UjS'i US' 
(J,tjiil J^- ^^Jl Lfv=j<j ,*-• j^orljll -kjj *jl> zb-ljNI o"}U*™« J j . Uw-^JJ 4jjSU.I (bits) v'Liil oliUU 

4j«jjI /j^ jjSs^ cjU-^b cjil *^ 'tjy-^' t_j>! **"'ji li 551 -™^ ^ii^Al SjJlJJl j .JijaJj bjajxil tc-^jj j_j,LxJl IS^jJl 

(4-bit Shift Right Zero-Fill Register) oUL^ 



B 3 


B 2 


Bi 


Bo 



JjWJ 



Clock 




(4-bit Shift-Left Zero-Fill Register) oUl^ 



•u^s 



B 3 


B 2 


B, 


Bo 



Jjlflj 



Clock 
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1^*jIl« j4~Jl ry A*£ J.-^l bjJL»l 'b-ljVI o">U«-~« yljJ f«-~"j l5 j*-k>>^~u~" dlliJ ,IJla«j jiS'l j jjal SjJIjJI 

Jajj t) (Local Bus) Lbs "teU ^jl^Sll IJL» J f J^~; j <-U=jJ J*«il J ^'^ J*-- i j J> il$l»* *^» j 

i^*£. t(Local) J^ 1 Jilj y U* ^Jj^uJ.1 JiUl jl { Js- La j5"jj j .^i^xJl Lg_^nj *» Ls^~dJ ajjxil ^^-Lil 

ju 0ULJ1 Ji J j.jj^uJ.1 (Common Bus) ^j^A\ JihJl ^ ouL£ j ti^-ljNi J^-~» v^ J^b ^y-^ -o*' 



« tjL~Jl (J,l 4^ljVl J^—J- ^iiiJ.1 OjJljJl t*-/=jj (JbJl jSv-iJl j .J-i ry> <uJ| U^-il i^JJl ,<<>-* jJl AiaJl s-lj. 



j*' 



jjL-VIj L^j SilpJ j* (4-bit Shift-Left Zero-Fill Register) oUL^ ^ujf ^ DjSCil tJ Li^L > Jil 

JjjJrl 



Local 
Bus 



JUAl 



Clock 



D 2H 

(3) 
|>CLK 



D QW 

(2) 
■|>CLK 




D QW 

(0) 
1>CLK 



■Bo 
B, 
B 2 
B 3 



JUl JSLiJL ^ r y> US' t (4-bit Rotate Left Register) oUL^ 



Local 
Bus 



Clock 



(3) 
|>CLK 



(2) 
t-CLK 




(0) 
J>CLK 



■Bo 

•Bi 

B 2 

■B 3 
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i>-lj"^Lj j**i ii«f4 ' A/ (i-S^-*- »jLi"^ l^jscu-j • olib 1 - 3jt;jt (V j)5^ ^"'ji L i St -~-' a ii j° •'^'" <-IjH <— . 'Jjail 
(Rotate Left) jLJl Jl ^IjjjJi Jb-lj^ j <M = Jj£" b-L^ (Rotate Right) uyJl Jl Vjj^ 1 

. M = 1 JjSj b-ue- 

I^Jsjj i_JJa^ jb-Jl (_i| 3*-lj"^l j tiux^ iijja; ^A*Jl I g .,^^j >u> Ttorl^il Jajj i_~Lk^ ijy-r' (J>» ^~U i' '-'' f-"^ 
ijLiJ 4^J ^Lp j.Lj U*l-b-l jL~>-I f Jb-lj C-Jj ij (jviijjall *^N f^LA' "^J il^l <~*P^ .*!&&■ <Sj*-\ "^ij^. 

Jbil jSLiJb ^ r y> UT (2-to-l MUX's) 2 Ji 1 ^y cs ^*b ylji ^Ulai^Ij diii ,ms 



Local 
Bus 



M 



Clock 



2-to-l 
MUX 



d en 

(3) 
>CLK 



2-to-l 
MUX 



J 



D GH 

(2) 
>CLK 



2-to-l 
MUX 



D Q 

(1) 

>CLK 



2-to-l 
MUX 



J 



D GH 

(0) 
>CLK 



B« 



jjSj b.u*i ,^»b JS3 (Select Line) jW^V '-^ <-li J^- 1 " l^ 1 ^ *£^Jl Sjb&l 4^J Jj. ^b <J 

L)jSsJ d-*^ rss^-ljil -laj jJ I -A* L5 J Ji J c^JjLai! r- br^^l! J^-lll ^3^1* xj> wt*b J5nJ I i-jjjajl \&>y *£> M = 



:2 ^.j" " 



jj5L" bJc^- b j\jZa %^-i \~Li i M rS^- »jLi"y L-j»i~j (4 bits) oUb 1 i*jj\ ^ <b-lj} J*—-* »-w 
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(Universal Shift Register) fUll Ss-lj^l J*u-w 

LiLs* ">Uj jl (Parallel Input) Lijlj^ ^i J-a> il)f j^o:. k^ljj J^~~« j* »jL* y> ^UJl o-lj^l J^~~« 

.M, j M Q U* (r SU jjLil »J JIp jb o-l j^l j* JJj% jT ljL~i jT Lj:. 4^ljVb fjij j (.(Serial Input) 



M, M Operation 



Hold 

1 Shift Right 

1 Shift Left 

1 1 Parallel Load 



(4-bit Universal Shift Register) oUL^ aaj.J ji ^ i^ljj J^~i ^^ikd! Jaja^li £*»jj JUl jSLiJl j 



Mi Mo 



(Parallel Input) 



(Serial Input) 



PLo 
PL, 
PL 2 
PL, 

Sr 
Sl 



4-bit 
Universal 

Shift 
Register 



B, 
B, 
B, 



(Register Output) 



Clock 

Jldl J^jJi uf .PL 3 j cPL 2 cPLi cPL iS}\j& y^ i->l>T j^ ^. (Parallel Input) LSjUdl J^jJi 
j «J**JJ ^ (MSB) LLJl v\$A Ji S R J^jJi <->> j^ t>J Ji i*-\j}\ 2uL* jbl ^ (Serial Input) 

JSLiJlj ^ r y> US' iJ^wJ.1 ^ (LSB) U-l)l aJUS-I Jl S L J^ ^>> jj* jL~J! Ji ^j^ 1 ^^ ^ 

Jbil 



Sr 





Shift Right 
















B 3 


B 2 


B, 


Bo 












Shift Left 










B 3 


B 2 


B, 


Bo 
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i^s~\j jb^>-l (•■% ^ J izyry L«^~ jjSo jl i £ t^torljil iaj^J 4jib£ i3jh *jjl Ls^jj I JJ& (J b-l) jl Jj IjjiJ 

(4-to-l MUX's) 1 Jl 4 ^y tf £*h j\j* f.Ubtt-1 ^ ^(M, j M (*£>Jl jjUl ^J JIp ^b l^ 
olil^- huj) j'i As- <ts-ljl J=*~J S-iJaJJ SjjIjJI Jic. (^JJl JbJl iSLiJli 7c->j^ y» bS' 



Local 
Bus 



Mo 
M, 



Clock 



PL 3 Sr 



PL, 



PL, 



I ' W w W 



_| 4-to-l 
MUX 



J 



D QH 

(3) 
>CLK 



1 ■ ' ' ' - < ' 



_| 4-to-l 
MUX 



J 



d 2H 

(2) 
>CLK 



W w w w 



_| 4-to-l 
MUX 



J 



D Q 

(1) 

>CLK 



PL S L 



1 ■ w ' - ' ' 



_| 4-to-l 
MUX 



J 



d 2H 

(0) 
>CLK 



B„ 



Jb" ^ jl (Parallel to Serial) Jb* Jl tsj\y ^ oUbll ^jA j ^Ull o-lj^l J^~~» flJwaJ jS^ j l-i* 

i^jbjl Jl* J^~JJ bits — il JU 1 ^ *~> Jb Jl (^jljJ y Joj^Jl -iui .(Serial to Parallel) t^jlj" Jl 

JIp bits — il JIp Jj-^J-I j oyJl Jl "j~ljl jl^rl ^ f? (.(Parallel Load) c£jij"Ji J^ *~~" ^JLp jIj^Ij 

Js i } r ^J~\ j jbJl Jl 4^ljl fr u*-l J, cB ^>i >->> >^ (LSB) bjJl "JUUj l^Ju ^1 jL" Ub-lj JbJl 

Jl Jb {j, J.j^Jl Jup j .B 3 j->l ^>> >p (MSB) bUll -jUU^ l^Ju ^1 jls Ij^Ij JbJl JIp bits -Jl 

i±«s fb'f Sr <-* Jail jj* (LSB) b-ill 4jL^l i^ju ^^l J; Ij^Ij J»-J.l Jl bits _Jl Jl^o) *% ijj\y 

Jj^j Jb^Tl juj j cjbJl Jl i*-\j}\ U^p fbl S L ^>>Jl j^ (MSB) bUJl "JUUj I^Ju jl 4l jyJl Jl i*-\j]\ 

.J^~~JJ j-jjl-l tJI jJ»f js L^jljJl J^ Li^ly (►% bits _Jl 
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(Counters) &\s\hA\ - 4 

j_jSL Ji .uJl oJy j . ji^*-* v^"^ M^ ■ A *i' (_c^ sj- 1 -^' IA <Jt>l£? 4Jik^ syb ^p SjL^ _y& (Counter) jIjuJi 

.^T ojy ^l j^ oi ji (.(Down Counting) Ujb" Ljjj jjSL M j\ <.(Up Counting) L-u-Uj LJy 

*j> 4j^U- ^ l5^>-' Ji ^^ ^y jU»1I J^~i j t (State) <i^>- ,^-j -uJl xl^s- jLjI jLuII l$Jl L^j 5aJ JS' 

Jl L$J y> /Jl 3JU-I ^y. jljjjl Ju yijJi oU=j ^ 4^=j JT jl (^1 .^yw v^"^ j (Clock) yijJi 0U2J 

JjJl fjui ^1 SJU-I ^ jijaj j t^U- j* 4JU- (^f ^y -Ull jlJuJl fjuj jl jS^C j .J*! I L^jy J 1$Jj" ^1 sJU-l 

.(Initial State) V^VI ^^~' ^~°" ^ 
(3-bit Up Counter) oUU- <?%* jj ^-ul^; jIj*J (Jkdl Jaja^l tw=jj JbJl jSLiJl 



Clock 



3 -bit 

UP 

Counter 



A (LSB) 

B 
C 



ilOxU (Counting Sequence) -uli J~-L~; ?w»jj JUl Jj-vJri j 



C 


B 


A 


State 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 




















1 


1 





1 





2 


M 


M 


M 


M 



gJi aJU-i y yjttjj ^-uU; u^j^ jCuJI U y.7 <6 <5 <4 <3 <2 <1 <0 <y> oVU- 4jU jiUJ jl Ji^N 
JT ^ L^ib- ^ A jIji*U (LSB) Lull fcUM Jl Uyf -^ .jli«iJ (Initial State) WlJ^V 1 * JbLl j^" 
I5 LjiiU- .~So<j C oliul 4JUM « tj/_".,^ ; ' Js LgjdL>- ~Sj<j B "Liliil 4JUM jl ( j^- J5 j •y^ljal 0L/2J l y» 4-/2J 

3JLJ-I Jl cSy^l &y 2yu Jbdl L~JLvJ (j 4j^/b- y» 4JU- y>-T Jl jljjdl Jj-^j -Uj AjT LjaJ Jas-M . 0L/2J 4*jjl 
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jjj j jlJudl O^U- 7*~i»j> ,j^J>- J l»i* .«j^~~« (Clock) ^'j^l C^UaJ C-JlS' liUa 2uLu«Jl jj^j j SLJlJiiNI 

»UjI ^sj» y> US' (.(State Diagram) oVU-l Jojastc. LSr ^~j Jajaj* ^u^^u-b U jjJJ 








1 




2 






,i 








" 


7 




3 


ii 








>' 






5 



















obiidi «.u 1-4 

aUif £->^ y> US' (.(Toggle Mode) 3JU-1 ^-^ £->j j T ^Hy jf JK ^-^ly obli*Jl s-U j fjjii-j 













/ 


Q 










>CLK 








K 


Q 





Q 



>CLK Q 



Jjl 7sJ& j* a£> \*oS C L y«l}XJI pi sA*J ,*** 4<,^?<i 15 *^9 OL>- -«SjtJ rL?r II ? J^i /*-^ _¥' ''^ (3 J 



Clock o 
1 

e o 
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JQ r. JC 



. c Ur>l ja WjUJ-l g Sjli^ jjjJ ^ / G j .(Clock) yljJl SjLil iiy* J* f c ^~^ 

(Up Counting) IjJlpUj juIi 2- 4 

jlill r^rjil l)^ 9 jJl ,j«iJ dr* (J^ r^J"* dl l/'J 1 ^j^^ Jj^I r^>-J^ £/> ^jli-l ajLi^l Jb^^L Lui lil 



T A 



Clock >CLK A 



T B 



>CLK S 



1 
Clock 



A 



B 



2 w 



3 w 



4 w 



5 w 



\_ 



J B ~J A . J Clock 



(^JLeUaJ ilwlP (J cSJlill ijliU jjX? jl B 7tL/2j j t(LSB) LJjJl iiULl jjX? jl A /tL*2j <uIp jUj _j 1( j\ls<iJ 

■ojiU- jj ^-u-L^j" ilJip SjJIj Jii «}Uf i^ijadi syiaJi jl (^f t(2-bit Up Counter) jip^ ji 
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JUlf 4J (Timing Diagram) ^»ljxil -kU£ ^y jil«il -ull J^JLo JIp Jj-^J-l ^So:. j II* 



1 
Clock 

1 
A 



1 
B 



2 w 



5 H 



^L 











, | 






; 


i 1 < 




, 1 


1 • 


: 1 < 




■ \»\- 






; 







! 1 ! 


1 


i 1 i 













y> jiluli (Counting Sequence) -uli J~~Lj dj£j <ule- j 



B 


A 


State 














1 


1 


1 





2 


1 


1 


3 














1 


1 


1 





2 


M 


M 


M 



y» jiUJ (State Diagram) oVU-l -^h^ j 
















- 


. 




' 


' 












* 







j j*!l J^JLj ^>j ^ cd ^IjjJI -Uais ^.jt j (3-bit Up Counter) oUL^ C!AI ji l-u-U*; blip j*^^ 

.3 aJU-I ,y JbJl jIjuJI U lil diii j toMU-l Ua£ 

filial p^ay> jJ& Lo caJj t^JJl 9- br -«jJ /^Ijj fijL^p 
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1 






1 






1 






Clock 




T 

>CLK 


A 
A 








T 

>CLK 


B 
B 








T 
>CLK 


C 

c 

















yUfcj^l iJULl y \-&j*^ cf^i C&k&\ T^rljil <y rUy JS3 ylJcj^l aJU-I iiyd ~ls£ ^Ijiil -kU-* ♦—^ 

C S A 

3 = ( 1 1 ) 2 



1 

Clock 

1 
A 



1 
B 

1 
C 



^L 





























- 


1 





1 


1 




■ !o 


1* 


, \»\~ 




















1 







1 


1 


1 







\ |o 


















1 


1 


1 


1 


1 

















(Counting Sequence) a*Ji J~±~j aUy ^So:. ^yljJl .kks- <y j 



c 


B 


A 


State 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


M 


M 


M 


M 
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j^a y> US' (^JlpUjj" Jkil ^JJ jl VJ 3 SJU-I J-* -UiMJu Ji jlJuJl jl J^j 4j| Ja^V 



y> (State Diagram) oVU-l -kk^ j 








1 




2 






. . 










7 




3 


; 


, 














5 










^ 


* 







UUsrtl UU-1 



:3 s-ij>« 



j juJi J— JLj ^=j * <.aJ ^IjJi laja^ *— jl j (4-bit Up Counter) oUl^- SjujI jj l-u-Ua; blip ,»^^ 

.10 aJU-1 ^ JbJl jlJbJl U lil dili j toVU-i -kk^- 



(Down Counting) UjU" juJi 3- 4 

.UjUl JjJL; *_jjl TtJbJl jlJbJl jls <uL t^JJl ^U-j^il ^yljj sjLiJS' r-bp_j* J^J ^jX*!! F t~^ ^'• > ^ c ~"' t '■*! 



(3-bit Down Counter) oUU- *;%" ^ jjSC« Jjb" jil*J sujaiil SylaJl t^>jj JteJl jSLiJl 
1 1 1 



r a 



Clock >CLK A 



r s 



>CLK 5 



T C 



>CLK C 



Jj- ^J- 7 = (1 1 1)2 *J^I <y -**!' taj ^ jw3^i« jlluii ^Ijiil Jai^ »** jj Lui liU 
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1 
Clock o 





l 


2 w 


3 



4 w 


5 - 



6 < ' 


7 - 



8 < ' 


9 




' 


A o 


l 





1 


i 1 


1 


1 




























A 




' ' 







' 


\ 




■ 



' 

















i 








B o 


l 


1 


1 


1 


1 


ll 




















B o 






\ 
















! ° ! 











C o 


l 


1 


1 


1 


1 


1 

















y> jCuli JlxJI LJLo jl Jl4 jytjlil -Ula^ ^y. j 



c 


B 


A 


State 


1 


1 


1 


7 


1 


1 





6 


1 





1 


5 


1 








4 





1 


1 


3 





1 





2 








1 


1 














1 


1 


1 


7 


1 


1 





6 


M 


M 


M 


M 



y> <J (State Diagram) oVU-l -kk£j '^_p y L^ 'LJj^~ -**Jl> "^*j (*>i jlo*Jl jl ^1 



SJlJlsjVl UU-i 










1 






2 










' 


' 












: 


i 


7 








3 


' 


■ 












, 


. 








5 


















5 
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:4 ^.jjs 

j j*Ii J^l^s £->j jc <.4J ^yijJi Jajai* p~*J j (4-bit Down Counter) oUU^ i«jjf jj UjL; blip ^^ 

.12 *JbU ^ -ull jlUl U lil dlii j toVU-l -kks- 



.4j oVU-l 



1 



Clock >CLK A 



r A 



1 



1 



r s 



>CLK 5 



r c — 



>CLK C 






= (000) 2 <«» ^ VI-^V 1 5jbL| 



Clock 



B 



B 



C 































, lo 


1 





1 




j 


1 


■ lo 


1 


























1 i 

\ \ \ 


1 


1 

1 


1 





























' 


i 


, 


■ 








! j 













1 


1 


1 


1 
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y> jIJjJJ JlkJI J™Lo" jl Jl4 j^tjiil -kksi ^y j 



c 


B 


A 


State 




















1 


1 


1 


1 





6 


1 


1 


1 


7 


1 








4 


1 





1 


5 





1 





2 





1 


1 


3 




















1 


1 


M 


M 


M 


M 



y> jlUJ (State Diagram) oVU-l -kk£j 



lisfll 1i\M 




i 








. 






\ 






1 


' 




7 


V /^ 


3 


, 


. 


r"^ 






6 




5 




4 

































:5 c-jjju- 


] 
Clock 




Jju\ L*-L-vj 


] 




5 sJU-1 ^ . 


AjJl lJu 

] 


L 


slbl ■Ui]aJ>l 


] 


L 




r a 

>CLK A 






r 5 

>CLK 5 








T C 

>CLK C 






>CLK D 
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c~-J jlJudJ 4jj5U.I iibsxil Ti^-lj^JJ ai^-ljJl yljJl Sjl—il il)l j^l ^s~ L^-ljJu Lui ^Jl oblJudl *-j?- J -1^"^J 
Uajf ,_^>-~j j ' (Asynchronous Counters) 4^>ijJ.i j±i- obllulb otalJuJl y f- yi\ lJi» ^^—j dii-xi (Sjis-Ij 
j (.(Synchronous Counters) luljslJ oWl«Jl ^ obtixJl y ^T ^y d*-jj j II* .Ripple Counters 

JjLkj ;rjb>- obl-l*Jl y f- _^Jl 1Jl& 5-^IjJ j tjl-lxll 4Jj>Jj ^^rljil *^ ^ju L» *£ jli~» /V'j^' 'J^i ^j^j Lfc* 

(Up/Down Counting) Oi*^ 1 J ^ 4-4 

. M = 1 DjSCj U-Up U jb" j M = jj^j" U-Ue- b JisUa; JuJIj j»jiJ <. M 

OlSj .4jiui£ t^j?H ^iji 2 ^ L^JJ *— -v 2 ^! UjL*J "Wl J c4^ow iijjjaj »to^ljil Jajj <_Jjai \j-lf-L*2j JLkjI jl Jju 



■^-Ij^l o">U—i 4~~^ Jc^ cf ^ ^ '(2-to-l MUX's) 2 J] 1 ^y y ^*b jljj (.Ij^cu-Ij diii ^ 

ji_ L_$jf jJu4 ^JJl «-<IjJJ J^-JJl Jjal j-U^JJ ^j^xil j^ r/l j l/j^xII r^-l o-« J^ J^-^ ^^ 

JUL j yj^jdJ jjp r- jjl-l _/. M = Jj£j" L«-Lui <. M ijLi^l 4^i JIp <jLj JbJl t- L^^JJ ^IjJ ijLAlS' 

(3-bit Up/Down Counter) oUL^ 4J*>\J jj JjIj'/^-u-Uzj" jiU ^ij^di 



V 



Itjjl 



] 










] 


[ 








] 


L 










r 


A 


lo 








T 


B 


lo 








T 


C 




















2-to-l 










2-to-l 
















MUX 












MUX 










Clock — 


>CLK 


A 


I, 










>CLK 


B 


I, 










>CLK 


c 


M 










1 


i 
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aJUl Sjj-^Jb il!uJl IJuL (State Diagram) oVbM -kks- ^j j^. j 








1 




2 


< 


^ 


i 
i 








I 


7 




3 


1 
1 

1 










6 


■> 


5 




4 







bJ*UaJ 



UjUi 



16 t-«0«tf 



j*!l i^jj jJu£ M SjU^l .E j M f£J- JjL;^ u^aou-o (4-bit Counter) oUl^ hoj ji blip r «^ 

SjLiJ /jp »jLp £ sjLi^l j '1 ajjL™« j«S\j UJhp LJjLJ j '0 *jjL~« j«>j L«-Up L-IpI*2j JjoIj ?***» slJulJ 

.0 4jjL~« jjS^j Ujup JmJl ^p jlJmJl i_ii_jj j 1 4jjL~« D^SsJ l«jup J^jJLj jlJmil **»wJ (Enable) 7-\j? 



juw tilki j*j9 JUiJt 5 _ 4 

ilOxJl J*^ y> j^l vjUail .UUil ^b- ^ iJU- J.C Lib /.jOJ.17^ Lijb" jl 7 Jl y 1.-U-U; 
(_jl 1 v-» LwIpL^j -boL; j*jij oliU^ <LoUjI ji ilJuJI A*^ *^~* '*j"^b>- aj^~ >ii V Jv-* <JUaJ w -bob ^ *i 

(Sj^-\ 2jb4 *jVI>- y 4-^ 5jb»- JlJUi~-Li 4j"^U- ( _ s 3t ; 4aJl L»JLdl jjjjio j jlJudl Lp (J Jjs^JcJb diii *i> ■ laii 5 

jy~^ 4jLs 1 sJU-l y JjJi jIJjJi IJo bis .(Direct Inputs) j*»U>l J^-Ui ^-J\Ja\ jijh js- 4^>lj> jjp ijj^aj 

j t6 sJLJ-l (c^—o .Tc-^rlj^JJ j-iLi' J^l' i iljisl jjjJa j^p 1 llU-Lj *jjji »jj-^=j 6 sJU-i JlJu^-l Ujcp ^^ 

j sJU- Jjl ^* j cl aJU-i ,-**«J tjy*" j t^jii ^JU-b t^jiMi -bdi jijai j aJU- y-T S^-iL^ ^Lt ^Jl llU-l ^* 

iLoJl JW-i 








1 




2 






, 


. 


/ 


^ 




' 


1 


7 


' 




3 



JijLi SJU-i i 6 /*■ 



50 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



.aLjJI sJU-I L^p VJu _^JiJ Lil j 2o5jl! sJU-l _^JiJ V ^^ tj-5-Lll 

ISiSjil iiUJJ jlJudl Jj-^J t-i\J^\ • 

elof £->j>i y> US' NAND 4jIjj j\ AND *j!jj ^jwcu-Ij dili *a 
C 5 A 
6 = ( 1 1 ) 2 ^ JUijll *Jai 



c 

B 




, 1 ljjL~a P AND AjI^j ;r>>- A^aj 4^5 jil ijL>JJ J_jv=jjl wUp 
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.0 1>jL~« P NAND ajI^j jr> >L t^-^j fcSjll iiUJJ J^jJl ju«. 



laJbJLJi iJU-b feijll aJU-i Jl, 



SjU^I fJbw~J d-p- t^kJJ (Direct Inputs) ji>\±\ J^-jJI i_»lj»f jj> ^ <UjTi US' tdlii ^ 
RESET j\ SET oLL^ ^1 J .NAND ^ <y **jUU P ijlay _,! .AND ^^ <y **jUU P 

C 5 A 
6 = ( 1 1 ) 2 

v y v 

1 = ( 1 ) 2 
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.(r^rljll j j^Lil J^JJI LJI>f fUsxiJ 4i> «rlj) <_il_>Vl diL" Jl 1 2U-JJI Jlso} 

SET <lL*p s-'j^L; f J*** '0 J>i 1 tlr* ^ »j^~"^' *-°-^ ji*^ 6 Sajil *JL>JJ jIji«JI Jj-^j j_ji /^x) j tejlx*il 
dJLii jup t l aLjJi aJU-l, 6 fcijil sJU-l JlJu^V (^jjj If t C j S ^Ur^JJ RESET U^p j A ^-U^JJ 
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JuJl jj>o C~j£ 4jyli l Js- Ai-kv s-'^r*-^ (*j^J (*" '0 J,} 15 jV Uj^ -W oliU 1 - "UjjI ji jIjlp s-U-j Vjl fj^-~" 
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4jIjj j i. P u y> L^r^ j t^JLpUaiil J*!l SJU- (J iajll 2JU-I i_iLic5''y NAND h\y La L«Ji^^I LjT J^N 
pSUdl SjLil JL^jL Lui US' .P d yt, Lp^ j < JjLdl J*! I UlU- j iiijil aJU-t (-iU^ ^^1 NAND 
-ulb :M-M NAND ajIjJ ^-^ JjJu j Jjldl -ulb ^li-l NAND ^IjJ -^^J) NAND &)y. Ji M 

.14 |_/5ljLl Judl Lj-wjJjJ liU- j k.a> 4jIjj JS* -kiuj (1)1 jb-^J (^-iPLaJl 



(.^jjj csl o*!i 6- 4 

j Maj> y&t . L)jL7 V j Lj-IpLa? -~J JlP 1 --Jji ,VpJ } 'Ov-* A™Lo -bub j*jij ilJLfr 1:1 o •/>" j"^l uJjljall 



7M5M3M1 




© 



4 ^K 2 ^K 



Jl^ob j»«ij f l\7 (J,[ ( y Ij-IpLsj -bob j*jij) olil^- y>U «i (^-IpL^j jIJlp . ; » y?:* »jij jl y* La L>- Ja»wl 



Clock >CLK A 
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>CLK C 
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> >_;_Jkil Jjtil L-l—J 
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(Decoder & Encoder) j&&* j ljki> ill* flJisxi^b L& ^JsjI^JI iijaJ>l SyiJiil **»*«; *% L. iblp 

z = J> (2,3,4,5) 
y = J> (1,3,4,6) 
x = £m (0,1,2,3) 



C 

A 



3-to-8 
Decoder 



V--V--V 



m 2 
in, 
m 4 
w 3 
m 6 

TO 7 



Encoder 



US' toy-* ae- J~~Lj aJ_jJ U^ jii^ JT t(Encoders) oUiAil ^ ipj^- j Jb-lj (Decoder) Sji-i illi 
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Clock 



Up 
Counter 



-N 

y 



Decoder 



^2L 



Encoder 
(0) 



Sequence 

(0) 



^Z. 



Encoder 

(1) 



Sequence 

(1) 



^ZL 



Encoder 

(2) 



Sequence 

(2) 



Lo ,<yajl jdl 4 ; <i,b;U jjljJul ^ju a Ljj*j L» t5yu\ j t<L*jLxJl iLuSjaJJ yljJuLj Jn.^all ^i^iji iAs- Jl a-ift (J Lu^ 
J (Flip Flops) T^rljil Ji* ^ijl SuJssjVI J flJlsW««yi 4jJLiJl 4j*jLdl 2uiJaJ.I jJljjJl f- Ijjl Jaio l? Lp Ljyu 

v*t L^sij j L£y?r\J.\ ^\/\ !_ibi ^y<j Lui cu^ .(Counters) otaCuJl j (Registers) o">U*-~il 

J^ j (Timing Diagrams) ^^ olki^s- L^jj^u-l j ti^Ldl ^akdl yljaii v--^ (Timing) ^yljJi 

jbS' j^ L$J* Ujlj^-I Cr^- l5^' * j ^- s ^' oLLudl j L$jIu SjLjJ^ L^_^_ji oM**~ v*JJ Ldiil dJJi -Aj<j . ^"IjJJl dill 

hij*; IS . (Register-to-Register Transfer) o*>Uw~il {#\a oLLJJ Ji j (Read) klji j (Write) 

j . LiL«l-L>CU*l (j^xj j L$jLj "Uj^ia li>w;) • 4jiix>tJ.I L^pljju 4j-lj"^l C->"}Ls*-~« ^if- 

■ uv^ (Sequence) J~~Lj jJjJ L^IJij^~"I j L^jLj v^ L^->j j otalJuJl ? \y\ Ja*^* 



a ■ .*~* -Is _*j U^j3 I joM 



(Storage) jjjsvJI oLJjj ^1 ^Ijju tjyiil IJia j »j^Vl j s~oLJl S-b-jJl ^» j tSJUl iJc-jJl j »j£ 

SjS'lJJl ?<d\j2> 4— ij-ii Jisii /r t(Memory) S^S'laJJ LS ikJ.l »r>^' p-^j^. '-V* >**»f^' ^^JiJVl J 3>o?ti-J.l 

a^TliJl i^i Ji J^-u dili -Uj .,_/a*Jl L«-^<j £• Lfrkij "-Jj 3 j ^ J^j^ 1 i_iijs>f j (Memory Chips) 

\ j .i^'L^j 1 j ^Ls-lJul L^SUj 7W>«J ii*j»- RAM 'I »jj IJb ti-Ui (j iJlJ j c Li ^Ls-lJjl j.LuJl 7t~i> «^ » «ij • Lj^uiJ 

Li ^L^-ljJl tLJl Tt^ji Uajl ?jij j ROM II «jS"li J,} JiuJ f tL^» ?• y J5 oL^I-i^ 1 *^! j 4ik>d.l L^ljjl j 

Ji* (Secondary Storage) LSjJLtil jjjsxJI oLu^" ^*^ ^yv ^y» »-v^jJl 3jU j j .L^ljjf j L^=jU=^ j 

.W^aJl ^alji^l j 4J2JU1J.I ^sljiVl J ijaJudJ Sja^'b!! 
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Memory i/\Ji\ 


li-oLjl ao^-jjl 




SJL^-jJl Objs£ 


■^ 




aJi^jJl l3I-UI 




(Logical Memory Organization) SjS'lJJU ,JbaA.\ Jidi 


.1 


(Memory Chip) S^UJl i^yi 


.2 


SjS lJUl 7=jlj-i -*2JJ 


.3 


RAM _J i i"li 


.4 



RAM -Jl S/1JJ yUUJl tUjJl 1-4 

SRAM Jl S/li 2- 4 

DRAM Jl S^Tli 3- 4 

ROM-JlSjSli .5 

ROM -Jl SjTlJU ysU-lJiil *Ul 1-5 

PROM Jl !/li 2- 5 

EPROM Jl S/li 3- 5 

EEPROM Jl S^Tli 4- 5 

Flash Jl S/te 5- 5 

(Secondary Storage) iSy^ oo^' -6 

(Magnetic Tapes) <Wl iU^Vi 1- 6 

(Magnetic Disks) akiJ.1 ^lySli 2- 6 

(Optical Disks) vjJl ^lyS/i 3- 6 

aJj- Jl sJla (j j» «ij . fl.h;ll . ; «i,,^:ll oL~-L"l jyi-« .y" ^ji^VI j <uoLJl oJL>- Jl (J ./'jUl iSjij^ ^M ^~ j" 

ijr? oL.Jf jjj^ 1 (J* SjJiaJl jOu ki-j>- t*j«ijJl <UjaJVl Js *-«-i^J-l (Storage) jJjjmJI oLuJ «j»I 5-^IjJj 

J^ (Digital System) $*J Jl iUjajfyl >£ U *-*t ^ t^^i" jf Jjki OS i^j i^J <.oUjLdl jl oUUl ^ 

jc^jjll LaIjj U" sjS'iJJi <^1 ts^lJJJ ig^kJl (JJl 7t^>yi SJi^jJl fju .(Analog Systems) sJjUJi Uj^Jij 

dili j (.^^Ji L^xj £• iJjjj JjJs j Li J~^jJl iJ»l_Jj»f j o^TliJl ^Jlyi 4^ljJ Ji^J (C (.(Programmer) 

^>ji cu^ RAM ll SjS'lJu dili i)tlij ,li J^lJl fr bJl t^~>jj" j l^~ii SjS'lJJl *£_,£ Jl Jj^Jl JJ 

*jij j ROM ll 5j3 li Jl Jisii / .Lfi* ? _jj JjS oU-i^ 1 *^! j 4iii>J.I Lfpljjl j L^2jL^>- j J>-lJl L$jLj 
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(CjjUul /jjj^Jl oUJij «_»1 L y'yj «Jl>-«jI «J££ v . L^f-UI • 1 g ^'U^ « Li J>-I-Ul ^Uil ^tj^oi Uaji 

.yj^ll ^lyVi j 4jaJuJ.l (j^ljiVl j 4kxJ.i ak^iSll Ji* (Secondary Storage) 

IjjLe IjjLs jjS-j l)i ,J<-Uj sJl>- Jl «Jl* <u»Ij.5 Jby t -»jlJJl iSjij^ 
,Sj5 IJJJ <i,k;ll . ^aail 7t~si jj • 

.RAM _Jl SjS'iJJ ^ijJi *Ul £~>y • 

.U^ JT oUi-^c^i j ^U^ j DRAM _Jl j SRAM _Jl cv. <5j& r^y • 

.ROM _Jl SjS'lJJ J^luJl fUl t^jj • 

■t J ^f °^lajtiv«l j (j/aJUas- j ROM Li 3iksJ.I f- jjVl l>u Jjyi^l • 

,\-^j> \?Ju ^S ^aJUas- j oLJlS^J j (^jjliil -jjj^tJl oUJL? /«J»I »-£5 • 



(Logical Memory Organization) fljTl JJJ ^jikdl («Jadl - 1 

l£| c(Programmer) ( _ r »i_ >r Jl ^UaJl £-»j>* Uljj US' SjS'lJJl l jy ^ y> U& i^S'lill 1 _ s iUJ.l <*&&*. oy^A\ 

t(Cells) <LujjAiil Ij^ULl /^ jJlc- /^ jj5o U^» *&y> IS' t Jjjall Js 4jjUcdl iJUil 4^j>Jl ,*iUll ,v *^-j^-^ 

sys. Jo J (Address) o\ys- *3ljil »Jj*> ^ a^ J^J j ioUU! ^ Jaii Os-lj bit jjj£ £^u~j" U^ U^ JT 

o^iji <lUp jij^V uj tiJJj j (ajIjxp ji^ lj* ij^UJi ?^y cy ^y tj? * Jj-^jJi /^j-. ■<*^'j-^ <v s 'j~" o^ 

2uL* j ,aJ oUUi (jij^- <^1 ;<JLp (Write) 5jL£' 4-Up jl iw zUjsxil oliUll 9 U-ji»»] t^l cu* (Read) 

a«j ^ US' 4j ajjssj.1 oUUlL Lki^ JJij aS_j1I jl (^1 t^ijii objii (Nondestructive) S^uu. j^ otiyJl 

SuyuJrl oUUJl Ui cu^ c^ij^JJ iiUJl olj^^JJ (Destructive) «y-b> ^^i ijbSCJl i^jUp Ul .U-\Ji\ <jUp 

,<u» Sjjii cJlS' rA\ iiUJl cjUUJI Ui ^ijil ,-Le L^jLS' c~^ ^Jl 

jJlp Ji£ t^-^ J-l* ^ »jL* y U» M i-^ i.M X N Vy ,y i J S'\Ji l _ 5 ikdl *jjadl t=->jj Jbil J5LiJl 

c-u-ljJl A*_jil JjJa Ji?, 7^i^-^ oJj- ji- ijU A^ j t(Length) SjS'lJJl J^ UsjI <l!p jLUj j t« J S'lJJl ^il_^ 

.(Width) » J S'lJJl ^y UsjI "uLp jLUj j ti^jj^Jl »li*>l^ jl (bits) ^JUiil 4j"UI>- j-u- ^1 
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^llll...lll 



(Cell) 





























































A/ 









M 



:Juw 

,8x4 ^jj ,y 2/UJ ^jikdl jjadl jw=j 



(Addresses) 



000 
001 
010 
Oil 
100 
101 
110 
111 



n 
8 

V 
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M=2 A 



(0i»jjaJl In i^-t) j\ 



A = 



ln(M) 



ln(2) 



't y cy '"J^^ ji_^«Ji ouis- jj^> Jisrji 

1Kx8 (t) 

4Mxl6 [J) 

jl ^f < M = IK = 1024 y> L» S_/U)l ^ r iJip ( f ) 



A = ln(1024) =10 
ln(2) 



jl J ,M = 4M = 4(1024x1024) y> b» i/UJl ^ >^ (v) 



1= ln(4(1024xl024)) = 22 
ln(2) 



3JLJ-1 «Jl» J «Sjil ^ jijaj j (.8-bits 1>jL~. (PC's) v^^' vs**^' J A/" £»jll Jj-k> l>jSC L. SjLp 

JSLio j .64-bits ^ jf 32 jf 16 ljL~« *3jil JjJa jjSL Mi i£j*H\ ^__--ljJ-l pl^if j Ul .Byte 4-*~~j" 

i^jjl SjS'tJiJl *iyi js- SjLp ^ Word — lli .Word JL— J cd^Ja js- JaJi ^^u cS^S'laJl *i_^> ^Lp jib ^U 
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(Address Lines) 



(Memory Chip) Sjf iJUl ~A£y> - 2 

8x4 f-y J* Sjfli ^4>J ^s^ 2 -^' iajaa'JJ rw»jJ JUl jSLiJl 



(Data Input Lines) 




^yg (Control Lines) 



3 2 Oi Oo 

(Data Output Lines) 

. A/" SjTiiJi ^^ jf Aijil JjJa l£jL«j Uo-ip j <.(Data Input Lines) oULJJ J^-oJl tJl^tf . 1 

AT SjS'lJJl ^j* j\ *Sjil JjJa l£_jLmj Uj-u j <.(Data Output Lines) oULJJ ^j-M <— »t^t»T .2 

- dJJi j 1 M SjS'liJl JjJa J ^iljil jJlp JIp Juiu Uj-u j (.(Address Lines) JlyxJi <J>\Ja\ .3 

ln(M) 



.A = - 



ln(2) 



i%Jl 



:^ j c2 Uj-u- j ^(Control Lines) j^oil ^>l>l .4 
JIp Ujl^rl ^jiMl 2uL*!i ^y Jy-bi <u^« j (.(Write Enable) ajb£ll j^i ^ijJa ^1 WE • 



(Write) ^ U*p 
(Read) Sjly U^p ■ 



WE = ■ 



WE = 1 



W yjl j\ R/W >•> U,! j>Jl liA j,^ j 
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a^.jJJi ^wj (Enable) £-lc -k^ jf- »jL^ y j '(Chip Select) *4r^Jl jL&4 ^^ <^f CS • 
/fp oliLJJ fry'-l j J^-^' l — *^' Jj^ j LfiL^ Ji 2 -^ j '■*-> 1 "U^iJl av'j -^ jl^tilS' J^-xJL; <S J S'liJl 

,aJ *--i)i <*-^j Jup (High Impedance) ^JLp iSjUjr, ^jUM jil^il 
(Chip Enable) CE jT (Memory Enable) ME >•> Uj lJ>JI IJJ. ^ j 
Jj- SiU U^w>j; j^Jj .GND j+V cc l»* 2 Uj-u- j (.(Power Supply) ij-Ulb ^JJdl tJl^tt .5 

.S^TlJJl ^4^iJ t Axll Jajasdl 

32x4 ( I ) 
1Kx8 [J) 



4 


J^jJl <J»\jJ\ iJS- 


(T) 


4 


r>^l ^IjJal i-Xfi 




5 


d\jixi\ i-i\Jh\ ids- 




2 


j»S^>cJl i_ilj»f JJlP 




2 






17 




8 


M 


8 


r-yU Ji\Jh\ j-U 




10 


oiy»ii c si^Ut jJlp 




2 


■vfJUcJl i_jlj»f JJlP 




2 






30 
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iiU-l aJLa J Igjlp jlk; j ti^j^i^ SjS'lJJl ^4j-i J oULJJ r yi~\ j J^-jJl <-J\Jh\ jjSj jL=-Ml ^^axj J 

slol r^sy y> US' t(Data Lines) oUUl i-j\ja\ 



(Address Lines) 




(Control Lines) 



D 3 D 2 Di Do 

oliLJl cjljk! 
(Data Lines) 







:i ojjJj- 


If- ti v-a SjSb 4^ 


j*Xj \^P y}\ i—2 


jtT jJlP L^—^l 


1Mx8 (v) 




8Kxl6(f) 


:ouljj ^yU 


j J^jJl J>\jJ 


cJlS" lil diiij 


•O .iJ*^ ,2, 




4j.,^a;< . 1 



(Write) 3<ls£li i-Lt 

isij^J jljH*Jl i-J\Ja\ [ }s- p&yS tilii jly£ /^-^J Vj' i *s SjS'lJlil *i\ y /-« JJlst ^j-* ij kjw CuLiLo -^j^td 

^1p "U^iJl (*-/=_jj 4jbSol Sj^e- jl~>-J j? coULJJ J^-JJI i— i\Jo\ j Afi Lg-^j^ 1 <— Jjijail oliLJl f-^j J tS^S^lJLil 
, , Ji.ll Liua tl J,} j-« CS *<5j«sJl jU-^i ■— 'j^ (J* is-y^y\ 2u_JiJl j^" ljjs-1 j i WE 4jb5ol j^S^i lJ^U 

(Read) Mjiil SJL* 

4^^-iJ jlj^tll i-il^Jal jIp ^ijil li-Ui DljiP /^j Vjl v^ SjS'lJJl <**'_}'* dr* i^"- 4 ^j-" i3 *Jj^l oliLJl St'yLi 

i-i^U ^ip <Uy>jJj i-kjiil jjJu jf t WE ijl^xil uy^ 1 -*ji» /J* 1 4-»-JLil t*--^ <>e.lyLll ^jLp jW^i J tSjS'lJJl 
.5^1111 i^j-iJ oliLJJ r-ji-l LJIjJaf JU iJls^l DIjOxJl j fcjsxil *-5Jl j8 ,b^ d Jl y CS Hr^ 1 jL^I 
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MxN 


+ 


MxN 



^ 



Mx2N 



jJ»j«Jl 2i\jj 



MxN 



^> 



MxN 







Ao 


( 


1 






















































cs 










7 


* 


5 


4 














] 


3 1 


2 


1 













8x4 
Memory 






8x4 

Memory 

(0) 





























































































o 7 o 6 o 5 4 



3 2 O, O 
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,45' J i^» f^Sv^cJl i—i\Jh\ .3 

i^^iJl J Ov^ jlyp J ijjs. jj5j (Word _Jl J^J yjf) Word Jf ^ JjVi oujVi oUUM jl L» Ji^N 

.(1) *Sj ^4^1 j Jly-Jl ( _ r u*j j fcj£ Jj$J (j^^l ou^Jl) Word -J I <y Sjo=-^l **>j^l oUUM j (0) pij 

J ijliil L^jj j i.(0) fij *Ay^\ J U^s- jj^j Word _Jl /^ JjS/l ^ Jl JLs ^fl^ Sxjjf Ja>j *Jb~ J j 

.(3) ,»ij 4^-iJl j jj^l L^jj j t (2) ^3 j ^4yJl j dJUll L^xjj j c(l) (vij i^^iil 



12 s-i j*« 



4j~j-i ^lp J j^^sxJj toljLJj 45 jl^v» Try*- J A^-^ i— ^IjJab c8 x 4 p y /y" SjSli jxSl «A 4 J^Jj iijja T^f % 

.8x16 ^y ^ SjTli 



JjJaJI flibj 
16x4 ^ji ^ JjTli 4j4yi tU 8x4^^ SjS'B ^j-i Jaij «iiji» £->ji J^ 1 J^J 1 







1 


1 






































































































































\ 


\ 






















































8x4 

Memory 

(1) 


cs 




8x4 

Memory 

CO) 


cs 
































































































1 


1 



Oo 
Oi 

O: 
O, 
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.aS"^ UjJi jk^Jl i_>l>f .2 
.(Chip Select) :u^iJl jL^l J (Jbw^ JIpVI o\y^\ J>> .3 



.iljidv. WE 4jL<JI uj& >-*> .4 

b£s ljjptH\ v^ 1 Words _Jl j i(0) jrij ^j^Jl j Vjt- il> jSC" JjVI v^ 1 Words _Jl jl L* Ji^V 

^jIpVI 0'iyxi'i ^Jo <us jjSL (J,jS/l yLiil Words — il y <^T DIjxp jl UaJ Ji^V .(1) ~ij ^Ui^iJl J sj^s- 

*^ji . 1 b jL~« A 3 ^^1 JIjjjJi ^JJa v jj^j lj&- VI oUiil Words — il y <^1 DljiP j cO b jL~. A 3 

4jLf jl S^ly 3j^P (^1 jlj jLlb j t(0) »Jj ajS"lJJl A^j-i -kwiui! (^Jjj A 3 ( _ s if-S!l L)ljAxJl i-ijja ^jIp 5^-iil 

jlj^Jl i_ijJa ^^U 1 Su^ail *^>j j .UjJi Sj^WI jly*Jl u>\Jp\ haJ- (^JJl 3^-iJl dlL" y JlyjJl (^ (»j^- 
.lUs^iJl kill; j^JLp ,*£U* 4jLT jl Sj-ly aJ^p <^1 jLs JUL j t (l) ^j S^UJl 4^i -k^uJ (^jJj A 3 ^jUjI 

iJ^xj j»LlD (2-to-4 Decoder) 4 Jl 2 p y ,y> lyH> ill* ^l-i^s^-V r-^ UJ^i ; j S'li j^Lr* ^j 1 -kj -^ 
.ujjipVI jl^jJl (Jjis ^ SjLp y> La S^iAJl iili J^j j <(Chip Select) ^4j-iJl jL>M 

32 x 4 f ycy S^S'li ^4j-i .J* Jj-^>JJ 8 X 4 f 1 yry SjS'li r^l^ **-u' -^o ^ijji' r^y. J^i' .JSs^Jl 
(oiliLJJ 45'^ii^ ^"j^ J J^ 15 l -*Lr^ SjS'li Ttjlj-i La L<Jb*i«*l W ; ..^Jl /_* f- j^) 



A„ 
A, 
A, 



A 3 - 

A_,- 



2-to-4 
Dec. 



8x4 

Memory 
(3) 



cs 



8x4 

Memory 

(2) 



CS 



8x4 

Memory 

(1) 



cs 



8x4 

Memory 

(0) 



CS 



D„ 
D, 
D 2 

D< 



10 
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d (3-to-8 Decoder) 8 Ji 3 9j y »>* ^ f lj ^^ ^ ^l» 5 /" (i ^V 8 -ko «Jl- J ^ -^ 
.LUll sJ^iil ti\ji*}\ <~*\Jh\ jj& Lj& ijjjj\ i]li U-i j t(Chip Select) *4yiJl jLs>4 a^-p 



:3 c-jjju- 



^4j-i ^Lp J_j-A5xi) toliLJJ iS j 



.16x3 9^y y ~*/y> 



:4 v-jj" " 



SjS'li A^j-i ^Lp Jj^2^JJ toliLJJ aS~jZXj» 7r y^- j J^- 5 <~£\Jb\i t8 x 4 9 y y ij)\s t^j^ -kj *JkJ& t^j 

.16x8 9^y y 



RAM_!l5/li -4 
ajjn i_-~* j <( ^lyuil Jj^oJl a^Tli (^t Random Access Memory »jL*J jU^l y> RAM ^Jk^ 

jl ys- <jiy3 /j-P ^Jl a^p oja^zj L^jtslj^ /j^ /*^y (J?l (J»i Jy 1 -^ o ji IJJI /^ p yJI l*L& <J§ /p^-^^ (V - ^ y^ ^*— ^Jl 

jl (jjuLdl J^-vil SjS'lJu ^^^—j L« '-i'j&z liJJi j t Jy^-lll j Oi^ s-^V f M^ ^r^-' Jj J ^»^>' ^-^ 

<^f i^jili c^jawJl k-~ojj s— >- 4jJ-Ui y lf«Sly ^ Jy^-Jl u-j£ /J I Sequential Access Memory 

RAM il SjS'li j -A*ji' kiiJi <V- j Lg^j ! Ju y SjS'liJl sf-lji i_-£ SjS'lJJl y f- _^Jl IJia *3ly y ^iy 

j t^IjJi yj£ *% d-?- ti^J Jl ijaj^l ill j v^^U-l j (Main Memory) v-L-f l£\j£ SjLp ^jwomJ 
l$J»Li>-l jl ^xs. t(Volatile) «y.lk^ S^fla liSl liJJi j c(Processing) ^LUll e-LJI Say «j_^aj U oULJl 

TtL^j "V ^$3 'LgJLP SjJuJlj 4j Jjc]\ jJua-* L~^2^ $y*S. ob«#l liJJj -liij C^>- iSjJlalL; l^J-Ucj Jajy Lib y^rS. 

^ RAM -Jl S^Tli J^ (Write) SjL^Ji j (Read) S*lyJI ^JLp y ^T f lyrl ^ _j .^JUJl ^.yulJ 



RAM — !i 5/lii ^tojl *bJl 1-4 
U. ^^ikil Jaksdl ^4>y\\ 4x3 ^jJ y RAM l/\^ (Internal Structure) (J^UJl >Ul ^ji j»y^ 



»UjI 



00 
01 
10 

11 



11 
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lA^- IS" j talol 7s-*=y> y> LajT ti-U^l 3 j <-2yup 4 J^-i ij V/ (Cell) \^.j^- ^>- 12 ,v ajS'l-iJl jjS^i? 

4^>_^j" <u!p jljaj ^JJl j rz^r\J.\ f- \y\ _k~jl j£> tj& »Jij^„J.I s- U- ^il j .(Flip Flop) 7- Ur^ £P ajW^ ^* 

.sjTlJJl ^ Word Jut, l£kM y J*5 JT j .uis^ 4 1 >~S'L^ y jjSo j ^Static Latch 















?U L>j*il bit II is.\jii j\ UJ oULJl <y> bit kh£J S J S'1i!l l£U- y l^> iJJ~ J^=J JuS' y> j^l Jlj^Jl 

4^^- j <uip (jljaj j .Jiil j^-Vl j cbit Line II s-»~J <u!p jD^ j ^$y>s- \j^As~\ ij^L^y j»l-t>cu-lj dUi *j> 

l*% j (.(Transistor Switch) Lfjjz~*j>\J £^&> ijij* j* bit Line — SVj sJi-l J*a£ .Word Line — ll 

jJLp (JIp J>\>.j£ M& ■tiioil) 1 MW lu^ill «->_j -u*i .Word Line — ll jjjJa j^ *- bill |JL» j ~S^»cJl 

UjJ JjUT U^p *l>%-N UJl Jj-^jJIj £—~j \£ bit Line — ll ** U^i J-^»jj" ^ ^-bsil jIAj Word Line — it 

7>^ij Word Line — ll { Jj- \ u Ai^^' J^.j^ x§£ siuil) ^ . » Jg.dl s^jJl *^=j ju«. j <.[^> lt.\ji zA»s- j\ 

aUif jw»_^< y> US' .bit Line — ll js- sJi-l Jjp ^ ^-biil 



Word Line 



bit Line 




12 
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Word _U Jj^jii 
.ajTlaii Word Lines — \l <d ^J~\ u\)A J-^ii SyLA ill* f^^i-j s^TliJl ^Sl^ ^ jyw ^S^ Ji Jj-^jil 

ll Jaj.«r;j SjAAJI iili j«jij ayUtJl iJLii jl_^j<Jl <J$\Jo\ ^Lp <lJ| J_^jJ| i_^ljail /^j-^ DljiP ("-^J i»-i L»-U*i 

U^ J5" J~^>y j^j j Word Line _Jl dill; «L&L\ iyJ~\ «^ ^"li* jUci t^Sjil dJUJJ JjULi Word Line 

ll J*>t^ ^ <u< sfrljiil jl <uLp 4jL50i oLh^- j-ljjrl j aSj^JU Jj-^jJI *i> JbJb j tU. JjULi bit Line ll ** 

Li iLliil Word Lines — ll by bit Lines — ll jf- *Jjjjw Ub^ j^S^j a^TliJl £>\y iJu Uf .bit Lines 









r^L^ 




r^~L / 


r&n. x 










C<^ 




L^ 




■ \-^~ 










SP 


' 




£^ 


' 


■Ch- 







2-to-4 




r^^L^K 


1 


r^n^r 


r 1 ^ -c 






Dec. 




^tK 




1 


^Jr^ 




' u^K 








-^1 


~^v| 










r c> ^L^ 


Y 




r^^L^ 


Y 


r l> n_^ 


p 










c^ 






c^ 




' U]-H 





























Word 
Lines 



bit Lines 



?L$J* Ujl^rl ^jjikll 4-LjJI jL^I j SjTlJJl J j^S^Jl ~j ^jS y> j^l Jlj~Jl 

ijyS JjIjjJi ai* 4jii? j cbit Line JT 3jU j SjIOj J (Tristate Buffer) sJU-l ^U JjU ^^ jJJi ^ 

JUt JSLsJli *Jpy> y» \^S tAND j^jijj y jjSo" »5^ fljJb r-^ *JU-I 



13 
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v- 



O 



bit Line 



WE 
CS 



V- 



o 



o 



J^jy Jdb j itjl~A AND ^y.y^ ^j^ Oj^j CS *£y^\ jL^M ^JJ* J ^_oJ 

1 UJl j* bit Line — ll J j*j jUji j (High Impedance) ^JuJl ^SjUii *JL>- j o^j^ 1 *>^ 



,*-s^ « JjS- 



■^J 



,UL1 



bit 



^ 4^-j^jil 4^JLll ^Lf- -Uj>j AND ZqjIjJ ^"J^" ^ CS i4j-iJl jl~»4 i-Jjia J5 1 ^i*jl /W»_) -^ 

. WE Jbb&l 0^ ^>> 
JUL j «1 LjL~. Lkll AND ^ ^ l>j£j WE J»>ll ^ 2u-ill £>j Jup ■ 
j bit Line — ll Jl I J^-JJl ^3jJa J ^j-/^! s^Jl jjy:. sJU-l ^"^ JjUJl £-~~~t 
J^-aJ bjL.^ 1$^^ jj^i jijLJl AND 4jI_jj Ul <. (Write) SjliS' ^lL* ^->j-b» 
I js- r-J~\ i_ija Jj*j *jAi j iJUJl iijUil ilU- j O r^-l ^J* j J_prjil JjUJl 

.Line 

JUb j tl LijL~« i _ s LL-Jl AND 4jIjj r-j^ l)jSsj WE <J*Jal\ Js- 1 Su-ill *^j Xs- ■ 

j O ^/M ^JJh Jl bit Line — ll ^ SyAjill i^ill jjyr, sJU-l ^J JjUJl ^~o 
JjUJl J^-Jui UjL~« L^y 1 jj^* LJLxJl AND «j!jj Ul t(Read) Ss-ljS 2uL* oj-b- 

bit ll /^ J^Ul ^^ Ji~ rjk j ^Ull iijUit aJU- J I J^-^Jl ^jJ« J j_prjil 

.Line 



14 
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JdlT 4x3 ^y ,y RAM _Jl l/\JS J*-\^\ jLuil jUJl jSLiJl b£i <Op j 

I 2 It Io 



■ct 



2-to-4 
Dec. 



L^K-C^K 



^H- ^H- u^- 



[$K-[5K 



£H- [£K- ^h- 



v- 




£H- 



V- 



V 



<S- 



WE 
CS 



o 2 



o, 



On 



US' <.bit Line 






bit Line 
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.bit Lines «iL>l *x> SjS'liJl ^y^ »jbjJ j tWord Lines *iL>l *% S^S'laJl JjJa SjLjJ 



:5 c-jjju- 



.oULiJ SS'j^i^ r-^ j J^j lJIJoIj 8x4 f- y j-* RAM S^TlJJ ls UijJi *Ul ~_^j 



SRAM _Ji J/ii 2- 4 

<uLp jjjaj RAM _Jl ^\/\ cj* "CJ a 5 - ""J^- ^ o^ ^ d <^Uli L^lUj ^ij^ Ui ^Jl RAM _Jl S^Tli 
cu^ c^jJl jjy. UbjMt J jji; o-^4 V 4jSf (^-Vi IJU o-j>* j .IjUa^i SRAM jt ^Static RAM v>~J 

RAM !l SjS'li ^ ^T p _j} lJ"&4 ilLii j .a^^w. aj-Ull; UiJJu" c~«ta L. ^ US' \J\jj&s. sjiiwt Jk; 

4jI^ »jU-N r-^4 j ^yjJ' jjy £• ^ijJcJb i3ljj»t -Ui> tDRAM jf Dynamic RAM V-^ 5 ^ J^- 
j .(Flip Flop) j-U/ j^ »jL^ <y ijJUi US' tSRAM — il J ^jswil sJi-l j ,?ijja »jj^=j ob_^l 

flJbMJ ^ dliil .DRAM !b 4ijLi« t 4iKJl ^Ujjl 1$~*j j£J j iSJUil ;u^Jl, SRAM _Jl S^TIS >^ _ 

il^Jl SjS'li li* lijoi^Jl iojaj^l <J ijjii^ iJUll as-j^Ji\ jjX? U^- iL™l «j>*-^> oU~o tSRAM il SjS'li 

.(Video Graphics) y„xj&\ SjSli j (Cache Memory) 

DRAM -Jl J/li 3- 4 

Jhll JSLiJb ^u^ y> US' .(Capacitor) u>^» ^ »jUc- DRAM — Il SjS'li j ^jswJl ^iiJ-l 



bit Line 



X 



/_, 



Word Line 



.0 4-ijaJ.I 4^JL)l jji4 Djsx^il jjP ^iixLl j 1 ijijadl <UJiJl jj£4 DjsxAil <_iixLL» 



16 
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/Jl diij ry> jy>~> ,1*1 J-^j-^l *~" /"d 2 -" jV 4s-U~» J*-™! DRAM II ij Vij^ 1 "uL^vS" f Jl>*i-J.l i_iixil j 

J ^f ^jj^ ^LiSC ~^-~j <^JJl y.Vl tSRAM il <J ^j.j^ 4-U5' ^ jl»wuJ.i (Flip Flop) r-U- J.I IfU-iu 

jl jUc US' (isiisx^ UlSo j iJU oLj lf>ui*a; olSL«lj jbi DRAM il S^SlJi .DRAM il S^Sli 

u^U-l Sj^rf J ijgij UU DRAM -Jl f j^^o dii-U .SRAM -Jl <y Jit yb^i ^-^ US"*>U^i 

jjy. libjist -Ui; lit DRAM _Jl «/"£ i_~~> j .(Main Memory) v-*j Solas' (PC's) V^-Ji 

-Ui; (Leaky Capacitors) s-jj—j oti oli^C ^ UJ 5^j^ Ij'^S' ^-Ij'iXvJ.i olis^il jl Jl \JaJ c^j^jJl 

ijj^jj toU^J.1 j^^i ajlpj Jl (^f tlibjist 5jliS" aiU| Jl DRAM Il SjTlJ r- ^ tiUJJ .to.jJJIj l$^»~i 

j»lkJl (J 4^1^- jflji Jl .J 1 !*; VI *J*^ r^ j .(Refreshing) ^UjVI ^Uj<j ^LLjJi «Jla ^^-—j j '*jjj-> 
jl j cSRAM -Jl l/\\> iJjLi. l^ DRAM -Jl S^Tli s~~- L- 5 ' -^-^ »>" |JJ| ^y 1 J^' J j' ^ J' 
tsJill yVI c<u^_i ^y i_iixil Ajyjj .J-s- J^-xj Ss-lyill "LJLp jl d~j^- tUbjii e^Ji* Uy (Read) aVUSJl ^JUp 

Jlstjj UU- j .aj*IjS oJ t^JJl A»_jil cjbjii ijbS" ojU-I 4^jLj<j DRAM Il j-« «&ljS ^Ue- IS" f- LJl ^JJa^ 

—Il jl (Synchronous DRAM) SDRAM -Jl jt. DRAM -Jl 2/li ^ SjJ^ j *%Jb- £_ljif 
oj^lj o^« sJUil •jjjbxJl rjA &s-y*£ 4jbS" jl sfrlji <y.j° />*■ «jS"lJiil \s-j* s^bj c-i -us j t/^ljsLl DRAM 
J OljiP JjV Jj-^ Jl *x> cu^- 4,5*5 Jl ^UaJl j \~>Jj>\ (Clock) ^yljJl »jLil 2-* *-"^ <£' ^>lj^ »jj-^j 

/^•Ijsilj 9- j**\ iijjaj Ujl Jj^jjjl j^XJ 5*j^s4l -jjjUf- 4jij L»l tfr aJl /^ £,5^ Uvi /cJl J isjlixil iijJJL; 4^-j^ftl 
ji]aj U Jl 4^wi; SDRAM Il jJjjaJ aji^VI olj^Jl j <? US' lLS ^i Jl fljaJl j V^ 5 Jl ty 1 '^' 'J^i t" 

fl^-1 jj> ^ S/'IJJI ^ UpU^ oJ aJ j .(Double Data Rate SDRAM) J DDR SDRAM *> 

A^UxJl j 4 (Vlj-^l *-s^J SJlpUJI 3iU-l (3 Lfi* 4*U* f«-i? d^- {SJls-IjJI (Vljsil ^-^J (J *jLxS" jl 5*IjS /^J-*-*- 

1( y.ljJl 4^aJ 2ja;U.l 5iU-1 J c5j^VI 

16 vij*^ 



.oUUll ~& jJ^j. gyi- j J^j lJI^JsL 8x4 9 y ,y DRAM i^S'lJJ ^IjJI s Ul ^>j 



ROM_!l5/li -5 

Jo; US' t ROM _Jl SjS"lJi .Jai» Sfl^l Sjflj t^l Read Only Memory SjU<J jU^i y ROM 

j . b JjcJl jl j^^JJ aLIS jjp j oIj LiljjX# jl cu^ tlg-i ijbSsJl /^JL V j Jaii Libjisi o^ly <j^- '^— * J' 
JJi? d~js- <.RAM _ll SjTIj j JU-I y> US' (.sj-UlL L^JlJcj JaJy j^ libj^j:. ROM -J I 5jS"li JiU^I 

.U^p SjJiiJlj JjJliiil J-^ai Ox; ^>- Ubj£>c£, ijii^ ROM Il S^Tli 
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(Address Lines) 



8x4 ^y -y ROM SjTli i^yJ { jhl\ JaJa^J.1 ^tfjj JUl JSLiJl 

CS 



On 

01 oliUl g-j^-l J>\Ja'\ 

02 (Data Output Lines) 
O3 



(Chip Select) S^jAJl jUs-i ^Ja y> Jaii jb-ij ^SU <-jJh j^j Ji^M 



ROM -Jl JjfOI yU-Ull «.uJi 1-5 

iiii? objx£- j SjS'IJlII ,*ilj» ^jijUc- uy L* ^%<Jl ^ jj-jcJI jS^J>l ^* 4jL» ROM ll SjS'li cjIjj^- oLil I^JaJ 

slol ^y y> US' <.(Truth Table) <->\yt> Jj-^r ^lJbw»*lj ^SUll 






Address 


Contents 


# 


K 


A 


A, 


O3 


o 2 


o l 


o 














1 








1 


1 








1 





1 








2 





1 











1 





3 





1 


1 


1 


1 








4 


1 














1 


1 


5 


1 





1 














6 


1 


1 





1 





1 





7 


1 


1 


1 


1 


1 


1 






y, 



"tjiu^ iils *>1. 



UUj (Combinational Logic Circuit) sMy v^ Solas' ROM — ll SjSlJJ Jw jl ^5^. JUL j 

slijf ^>j» y> US' (.(Decoder & Encoder) yj-i- j 
O = £m(0,4) 
0,=£m (2,4,6,7) 
<9 2 =£m (1,3,7) 
<9 3 =£m (0,3,6,7) 



18 



PDF created with pdfFactory Pro trial version www.pdffactory.com 



Ao 
Ai 
A 2 



3-to-8 
Dec. 



O3 2 Oi Oo 



mo 

1112 
1113 
1114 
111 5 
1116 
my 



>b_jjJl)l ja \S-y>£ jj> jjSo" j i.9 \y^\ -k-ul jj> ^ La (EnCOdd") jLiX\ J 4^-l>ii~il OR oliljJ j 

«lol £->^ y> IS (.(Diodes) 



A N- 

b M- 



A 
B 



T> 



jja j«(ii j 1 £->j Jl*- jj .0 U4 B J A J^-jJl jj^ Jj^J L"^* l-i* Jj^j.J (jvai aJb- j (jJijJ-Ul 

. 1 (^jL~j X r^-1 jj5Ls L^jJl Sjb- ,J Oj^J jJiUil JjjjJl jLs L»=-jJl 
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s}Ut LA ^Ij-^ll JjJ^r j L5 ikdl JaJaAil jw=jil 8x4 £ji ,y> ROM _Jl SjSlJU ^UUJl uUl Jj5L JUL j 



yi 



cs 



Ao 
Ai 
A 2 



3-to-8 
Dec. 



O3 2 Oi Oo 



A^ A^ A^ A 



^ - 



^^k 



^ 



^k 



^ X X 



^k 



^k 



^k 



^^^ 



mo 

'"/ 
mj 
mi 
1114 
1115 

m 
1117 



.Word Lines — Si ^j^—j" M*Vl o%^jil j cbit Lines — Si ^j^—j" v-U' o*>Usjii jl jTiJ 

Ui^ j tWord Line — Si j bit Line — Si ^ U -kijJ jjjj *4»j ^ S^TUJl J 1 j^jj Ui^ <oT Ji^V 

^'Ij^^SJI «^pr tc^ij j ftfs-ly vjjljail aS^JJ JjLiS.l Word Line — Si Ja-iuj L.ji*s .j^jj *->j »i ^ -^jj 

7^~^a j L*\j>\ IjL^-l *j sivaill cjIjjj jJi ^j*- jUcii 4 1 2u4JsJ.i 4^-jiil lie. (^JJl (High) <*ijjil Jl^JJ b jL~« 

jl ^*j:. .14 J^ts ^Ji bit Lines — Si Jl ^£j.\ J^Jrl Ji^ f jixi (.(Short Circuit) Sjj-aI* j\j* ^ »jLp 

bit Line <^T j <. 1 i^akdl a^iil Jic. xi;^ x^ <uU ^Ji -kiJl Word Line — lb Jjj-s 4sj j, bit Line <^f 

.0 yWl UJdl Jic. c^Iil (j^iAill (Ground) ^j^l -***- <uU ^Ji -k^Jl Word Line — lb jjp 4*^ "il 

jJJj jjJJ j£s, V liiii -Vxj j t*-i*sdl iJ^p jLjI cROM Si S^Sli ob ji£ <^1 tobj^JiJl **s\y JhJ>J- ~si 

.LL* j^-jf j^- ^-iaJlj i-i* j tobjji iiL>l jl iJljl lJJ^ lilii jl <t~^ obj^l 
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oL>_^ Jjjl ^ Iil j <.RAM _Jl SjTli J JU-I y> Lit. ..ROM _Jl S^Tli J J*i ^j£ Ji*-jj V -of Ji^N 

. 4 ; fl}?;* oLba-P jlj^-J JjJjJ* ,j* AJljiP /-• SjSiJJl ,*ilj-" jV* /^J-* <^' 

PROM -Ji J/ii 2- 5 

Vio SjSlJJl y ^yil IJl* j .i^jUJ iLLiil ROM _Jl SjTli J\ Programmable ROM _Jl y> La j^aiil 

sbM^- ^y. U^ JT b$J ^U=- «jj-^ J *JWail y Jb <bf VJ 'j^ -^ Jl ROM il Sjfli ,«UMJl 4-c^V (J 

. 1 iJjaill s^iJl j^Ip l^j^ eb^U- a^ jl (^1 tWord Line — il j bit Line — il uy U -kiy. jjjj U j^jj 

4j£jJl Sj^f- J J -^p^" *^-jJ ji-P 1- j»l- ) ^>^~-b jJJi j i4j"bji£ JuJu£ ^1 44istj)j PROM il j»Ji>d~^ *»jJL j 

j_jj *^ Jjljiil (J^ >bv2> JjP l£' Jj^i k ^->* > " <^fe* "LJilaiil "UJiJl /rij£ -IjjJ "ul^ 1 JS' (V ■Sji-^il ^Iji ' *s 

JbJl jS^iJb ^iyi y> US' (.(Fuse) 



Word Line 



(Fuse) 




bit Line 



J -^ {J, 1 ^ jW^ *-s^J j'j^k (J,) «xJl l -Ip 4ju l.i^'ll j*jiil j4^^ oiy" u^ *"'i^<; 4^i <— ; »Pjil ji* -5 jJ-Ul "blj) (»-; j 
il ki^j Axj j ,iu sfrljill iJ^jtj cJjji U Iil iJ^r Sijjaj \L*s- i<u» 4jb>Jl ^1 tPROM il «t^j aJ^p 



.(O's il y Jujil 5ib>l Jaii jSoT.) 4j"bj^- jjJu" jl yt diii -U; ^jS^ V j ROM y£ »jLp 



fi 'i 'M 



PROM 



EPROM -Ji l/\l 3- 5 

S/li ^ ^ j .^sijjJl SjLpI j ^~JJ aLLSJi PROM -Jl X/U ^l Erasable PROM -Jl y> b> j^^iil 



4>= 



J— J 



rUrj «Jib j>p (Ultra Violet Light) 4^w~iJl Jj^ ^SU U^yu jj Js yp EPROM 



jb~>-J /Sv*il j^f- /j^ j b^JLo b ijS I Jul A^-io b> ?c«*J»l "LJbxP j '*^ s:> 20 j 15 l£J i-* r )I/J *~-*j Sjlii »jj iJJl 

<L^rbv Jl fiJibjl ^J^ju iw-^?: rc-wll ^ba^- t *w« ^b^j^l -Ixj 4jl 4Ji^-*X^ ^4 colj^i 'Jj* 5 4>*— ~* (*-*J b^« Oy<-^ ^J^" 

»jU-I j ^wJ.1 sJ^p jIjSCj jlSL«^l j j .cSj^' »y i^^jj j^. EPROM Il S^S'li ^~~« -Uj j .\s>*~~JcJ\ 
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«jJ Jl u~£ it->- tPROM -Jl 4^jJ 44Uu>, sijaj ~s EPROM _Jl *£j, j ,ol J.I y j-u yjf 4^1 
,U~J i~J2j 4^jUp ^a j '^k 5 ^ 4-£jJ jU^*- Wv sir l i3 f-l>>^~j j t2/IJJl <u» j»-l>ci m ^ t5JJl <^j>\ fUaal r- jl>- 

EEPROM -Jl J/ii 4- 5 

jl d^- cU^ ^-JJ <LliJi PROM -Jl 2/b / Electrically Erasable PROM -Jl y» U* j_^il 
1,-i-jJl /p j ,2Ljj js<wil JjjLl jip JU- jl$>- 4^aJ JaJLo Jj / ^p 4>w™« t /$, PROM il 2/15 j^ 9 yi\ IJla 

v^y jbi 4jl Mi EPROM -Jl ^ ^/ iibf Jit j iil&r jjrT PROM -Jl 2/15 y ^Ji il* jl t y 

Lil5L» J3 ^a j 2/IJJl l le- i4jJl Silpl j jx^J.1 aJuj- ^J^\ \J\£-»\> j it»«< »£> <_£-iJl S/lJJl /^ z*^/ jW-^4 

SiU) j £~il jJIjj jl cu^ tEPROM -Jl j JU-I y>LS ^ UJljl Jl U-U-l jjj ^J Jl fljidl J^b 

Jl 44™; c^-^l 8 Jla U^'U^ EEPROM -Jl 2/15 j .U^~iJ EEPROM -Jl Jfc^ J^-b 4ju*i. ktjJl 

Il j^ od^ Ut Ml tcJj c?f J Uxily. ,y piy t^f J 5jbSJl olSUl d~>- y RAM il 2/lij j>/ Jb- 

LjiliJ jlj^^L; -kjyi j^p liLj^o:. UliU^l jl £->- 4 (Nonvolatile) "'jM** j>p 2/15 lil J RAM 

(J ijbxJl *~Up -^ jyS~j Uajl EEPROM ll (*^lj-* v tjy-j <*f>'* ^^ 2jU-I j t*™« iJ^p jl US' tajjjLlLi 

U^p jl/j ^ odd) ^>o- Ul y> j U f aMl v^ EEPROM -Jl 2/b ^ 2^1 ^jl~ _, .RAM -Jl 

.■?u**jj ol w« /** (J^Jt^ i<-lP -X*j i^Jluj c!U*>" C?u**jJ 

Flash -Jl J/ii 5- 5 

d~>- cEEPROM -Jl 2/15 j EPROM -Jl 2/15 ^ JSO ^ J.I ^UuLl ^ Flash -Jl 2/b £*4 

j>UiJl J^-b 4^jJl 2jUI j ^J.1 4JISL.I « (.EPROM -Jl jJ /Jl Sil^Jl aJJ j sJUJl ^jj^JI ^iLiS^Jb j^ 

_J| 2/15 ^ 4^U* ^ %li oJxii Flash -Jl 2/15 ^_ U^ ^/J _, .EEPROM -Jl ys ^Jl ^ Jl 

_Jl 2/15 J jil/l ^^ ^ \iJiA EEPROM -Jl £\y & £»y ^ £~a ^£s. c&- J* ^EEPROM 

2/b ^UMi j <y» Flash _Jl 2/15 jl Lc. j .5jL=il «iljil y (Block) 4^^ JSLi j Flash 

jfi j ,tu^j> aJus- 10,000 Jij^ Jbu ^b" c^^ i7t-Ji 4-Up j|/j y oJiLI ^>ycj" lili EEPROM 

j d GB J| J-*2j iJU c^U~j j ii^z^-j jU^I j 2jyt^ f>Uo-l j 2Ju-u- JlxJiL; LiU- Flash ll 2/15 

vJjl oljyl53l Ji> *aJ-l Jjii-^Jl a^jJI 2j^rMl j (Secondary Storage) cS^UJl ^.j^J ^Jc^us 

j Jj ^(Mobile Phones) aJ^l j>J\ji\ j (MP3 Players) l Jh~"^ o^>U^ j (Digital Cameras) 

jl <.Pen Drives — il jl Thumb Drives — ll \^Jj U=jJ UJ* jijaj ^Jl <.USB Flash Drives — il j^ 

ii/l (j^ljiVl Jt« <^j^Ml (Removable Secondary Storage) iij^i <^_jjltil jjj^Ji JaSUj J^ J^ 

>^J \Jj& DVD-ROM -Jl j CD-ROM —Sis' (Optical Disks) v'j^l o^/i\ j (Floppy Disks) 
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(Secondary Storage) cSjj^i j-ijAsll - 6 

J^yu. oULJl j tv'jJI <_y -iaii 3JLJS o>L*S3 c-Sjil ^jjj^J 7*JUflJ i^ijJl i^Ji;^! j (Memory) e J S'lJi!l jl U 

jL .aJLLS 4ii5o j Lib bj^- tv'IjJi j oULJi ^y »j«S' ^W*-^ uij^ *>-lJ-i _/jJaj '(Processing) ^JrUii 

aja^-li iiyiSli Jt« i^jiUil jjj^I -kJU j £»~j cu^ (.(Secondary Storage) lSjj'UJI jjj^ 1 jj^> L^ 

jjjjo (.(Optical Disks) Uj*il1 ^IjiVl j (Magnetic Disks) iku^il ^'y^ 1 j (Magnetic Tapes) 

Lj^a sjljiJl j (^jjliil /jjjj^l 'J^ 1- ' (J *jl^>Jl as-j^ jl Vj .SlJS iiiSo j Lib bjjj^ oULJl ^ a^s^s cjL«5' 

.sJrUil 4^j^ jU^al diii j tL^JrUi (Main Memory) \~4)\ 

(Magnetic Tapes) akyuil aJ^Sfi 1-6 

Jajjjj\ j ,oL*»lxll jWiJ j <_->«~»bM 'J-^ - ' ij t^"-l-' : ti-" I /yl /Jjsxiil JaJLoj j»-lil /j^ "Uaii^il iiajji'^l jOij 

Si J-i^»j c^iJl (Write Head) ijbSvJl ^Ij ~4z*»\y. Jsj^^JI ^^Lp ijlx^Jl ^ j .0 Juijadl ^L-JLil J~~J ( _ r 5'Uil 

bitS il liiij J~^J ij—Ull Sjj-^JL; JajjAil 4jaA*£. f ji (^JJl ^^-JaUiil Jl^l jJji *ji j IfliliS' «_jjljail bitS 

fbil j»jij (^Jill (Read Head) WjJill ,Jij 4J2~"Ijj *£» ojlylll ILL* Ul .oL? i£j~~j <*^l«l -ki^jJl jjj-* ^' 

l Xt- ijbxJl 5-L>^ j ,4jjsxil bits il \s \&\>j£ c^UiJ ,J,I Jajj^ii 4J2JJ.I <UU- L^>o <uL«l isjj^iJl j^ 

oLi j\ li>j*x}\ .k^j ,j 5ijw a^jIxj* i$.\jii t(Sequential) 4-«jL5 »jj-^j *^j *±* Ss-l^iJl j\ Jtu^J.1 -kj^^Ji 

/jjj^cdJ "»« LJU- ija^jukil Ahji>^\ j»J^tiv»j iiJJJJ t5j oJJai.1 <L»ol*Jj a* ** /*>■ j ol-b -l^« Jaj^JujI ojlji (_JJa^ 

.^..Ull oULJJ J^rSfl Ji> jij^Ll j (Backup) JsL^l 
(Magnetic Disks) aiwuil j>\}H\ 2- 6 

Jai^ 3-Ia« jl (J Xji^*>\j ^ji jj* 'jW^ ia^oll ^k 3 ^^ tAja^juJ.! Aja^Ml L^L^P lJ~« (J iJaiiuJ.1 ^aljSVl V~^ 

"UJaiu /yl Silil /y iij>u L 3JaL^ &42ik* ijiy 3 {& ■*** '—'^W' C&J^~ 1*^ J t^^j^Kjabjw »jL« -^ *^*j iijaj 4-^>r j jJLp 

4.ak;ll i^jill Aji«-J ^S'Uil sLst^I (j ( ^~JaL><^ JUoT. j tl 4 ; ak;ll i^jiil J~»J (jyw al£l ,j (J ^~Js>L>w JbsJT. 

jl if.\jii\ Jpjo. ^lySU Jj^jJl jl y*. 4ja^tJ.I Sisyi^l j ^ku^il ^IjiVl uy ( _ s ~~J J Jl i-i^bs-Vl Jl Vj .0 

L^Sl Jj^jJIj ^—j L^ iiU^i^i Ji^ (Sequential) Loub" ^,-J j (Direct Access) I^L" j_^j *jL^Ji 

4jj^™j ^a^ijl ?ci2~» ^Lc- ijaij (^"i/ J«v Jl "uSoT, i(.\ji]\ j 4jLSJI ^Ij jl ^ir~ (.*j<Jj^ ijj^sj ^syu\j 4^«1«^ 

Sjjil ^IjiVl jV *'-^i «ljfe»S' UjLij LiL«~" cjjLii? j iiik^ Jlx^l J5 3^ *Ja^u>J.I ^aljS^I j .ajIjjj «.UjI 
Jt* (High Capacity Disks) 4JU1 uJl oli ^J^. \jjs> «2 MB ^ 1$^ Ji' ^il (Floppy Disks) 
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jjUo- gJl j .HiFD™ drive -J j SuperDisk™ drive -Jl j Zip® drive -Jl J ^Jbw~il <ilL- 
cJU>j gJl j fUbw^l wLiJl (Hard Disks) 2uU!i ^\/i\ <&- j <250 MB Jl J*J j 100 MB L^- 

,5i>^. SiLij J j 400 GB Jl UU liU- 

(Optical Disks) Mj^Ji j^ij&i 3- 6 

( Js- <JaJ— o ^jj iiOail JU- jjjLil /^ l-br jjJw f- L»-i *lJb*i~»lj </>j&\ (J* <LoL»l oLLJl ^LiT ^ .t-j^aii 

iSjUJl SjljJ-l jJbj iv^LxJl 4jAxil 4JLJJI ( J^ lJl>- 4JLSj jhz- A«Jtj ("jiJ Li— I /^ ^jiii .jOUJl ^JbiLl ■*■)-?.. Jl 

. 1 4JLL2J.I Ju^Sjl l*£ Uj_j^j *Jlp j 'UilaAl i»^iil Ji£ Syb- -^j-^-J <^' ^~r" tbitS ll Ji£ SJLJLlJl ybU JJJj j 

j uUI ^ yp yS y L jS^^ll L j»« 4jl cu*>- (^tf-aJi t^z^> (JLp !-^>r *LJLp *Luj }j£ 4iLi>j ^»w— o Ljs> jjJJI s-j-s^ MUjxi^l j 
4J2J—J ^ 4ILL2JI ^iisSci* jJb jjJ p- U-i »lJj^— Lj ,yyJl ,JLc 4Jj>tJ.I oLLJl frlji »^j ,3SjJI (J .yLu^ ? L*-i J5 
a yi>- w^jj if L»Ju>- j j uLJI f L*— -^1 s^ul ji-^j 0J12- i^-j; LjJ^>«3 -^ -aU ^*o L*JI (UJjOsI ■?r ) W..JI ,JIp J-***'' (V 9 
ijy^ Jjp iXf- 4ja»L—o « ■LJUixIl 4JLjJl ^Lc- /y« -~Sj<JJ jjJJl s-yj? J2L4JL <L*UiP j*j^J J <.^~~S*S- »J0 

^j^aJl ^jiJl Js- bits — !i jjjsS *x> .3jjs^ll bits — ll Ji£ "^ij^ 0U2J Jl 4jj^jj j»jij (Photodiode) 
2SJu (Jjiil jL~il iiili ixjbj:. ihfsJl jl os-lyJl J f -i^-^-J.! jjJJl f- L*-i ?yu j \*az* (spiral) ^jJ jl~~« J^-i J 
liLpy; (CD's) 4^-jJ.I (j^ljisl Lji« iJu-u- JlSLiL Ul^ ijj*ai\ ^IjSVl jiji j ■u^^' '-''jJ- 5 *^' ^^ 
jl ^* c fji ^ jS3 j v 4jb53l ^. (^JJl CD-R _Jl j <Jm» "Cffrlji jS^r. ^JJl CD-ROM _ILT iii^J.! 
/Jl DVD _Jl ,y»l>»f Jl 4iL>l 4AJ 5ub53l SilpJ j 4^™« jSU l£JJI CD-RW _Jl j Aj£l\ oUUi Jj-u; 

(j &yp yj 7^>~~j Ijf j^aSi ic*- y Jji^j jjJ 1 p IxAJ L^«l-^J : c— , ^ I^JiJ CD 'I ,ylj*l /y j&\ *~ij^ *j<-™j jL^ 

j DVD-ROM -Jl Jl. iibt oUy. Uyf DVD -Jl ^lyf >ji j . JLc-f ^j^ iiLiT JUL, i « Jjf ^UJi 
J^ US' iLpiiSC- ^U^l ^ .DVD -Jl ^lyf J^ jl fljji-l ^ j ll* .DVD+RW -Jl j DVD-R -Jl 

,Lj CD -Jl ^\J\ 

4^uij JS oUI-Ij 1 ^—! j Oljjjt j <U«i Jl "UjaJ ill (J i«J>Cl~«il "Uitoxil ajJ^xJI CjL^j ^Lp sJj-jJI siji ,j Liy<j 

i_il Jjsl j SjS'lJJl 2L4j-i ^jlf- biyu jc <.Li ^giiadl *JiJl 7^r>_^ Lu^i (Memory) SjS'lJJL; LlJu cu^ .Lj^ 

dJi -Lxj LvLaXil V .LiJa j\ iji I Jul iJ'j* '•sLj i_JJU& (j^jjl L^axj <c s^i iJJl jvJl^i Jajj ii^Ja • Li J^^jill 

oUIj^u.i j ^U^ j DRAM -Jl j SRAM -Jl ov. J>li j RAM -Jl S/IJJ ^UJl fr Ul ^^J 

Ji. UbUl ROM ll fljif Cm ^^ j 'ROM ll SjS'lJJ JL^lJJl jLJl 7=-^ji Lui dili J*j ,U^< JT 

j j .^y JT oUlaAi^l j ^U^ j .Flash -Jl j EEPROM -Jl 3 EPROM -Jl 3 PROM -Jl 
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j u S\^a^ j J^p Tju« j (Secondary Storage) i^UJi jjj^Ji ^W^" <J>-^ ^ ^j^" «-^jJl kli 



! 1 i j i-ij 



40 M 49 ( t ) 

32 M 33 ( f ) 



!2 i -j i-Ij 



Ao- 
Ai- 
A 2 - 



CS ■ 



8x4 

Memoiy 

(3) 



CS 



D 15 D 14 D 13 D 12 



8x4 

Memory 

(2) 



CS 



Dn D 10 D 9 D 8 



8x4 

Memory 
(1) 



CS 



D 7 D 6 D 5 D 4 



8x4 

Memory 

(0) 



CS 



D, D 2 D, Do 

■ 3 i— ~jj-ij 



A„- 

A,- 



A; 

A 3 



2-to-4 
Dec. 




4»3 

Memoiy 

(3) 



CS 



4x3 

Memoiy 

(2) 



CS 



4x3 

Memoiy 

(1) 



CS 
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:4 L-j,j; 



A„ 
A, 
A, 



8x4 

Memory 

(3) 



cs 



8x4 

Memory 

(2) 



CS 



■>>- 



8x4 
Memory 

(i) 



cs 



8x4 

Memory 

(0) 



CS 



Do 
D, 
D 2 
D 3 

D 4 
D 3 

D„ 
D 7 
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,0j 



A„ 
A, 

A, 



3-to-8 
Dec. 



e$k- [$h- Ch- [$h- 



Sh- [^H- Ch- [^H- 



[Sh- Cjm- [Sh- Ck- 



C^H- [$H- d£H- [$H- 



[Sh- cSh- cSh- Ch- 



Ch- Ch- djn- Ch- 



djw- [5h- [5h- Ch- 



Ch- Ch- [Sh- d$H- 
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A„ 
A, 

A, 



3-to-8 
Dec. 



Li 
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